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direct measurement of urinary excretion 
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centration of urine is no longer necessary 
with acceptable doses of radioactivity. A 
unique timing device gives results directly 
in percent of administered dose present in 
urine without calculation. 


This combination is also ideally effec- 
tive for estimation of plasma volume with 
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iodinated human serum albumin, red cell 
mass and red cell survival with radiochro- 
mate labelled erythrocytes, and other pro- 
cedures requiring liquid sample counting. 


For years Nuclear-Chicago has been a 
leader in the development of quality radio- 
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the efficiency, accuracy and reliability so 
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Write for full details or ask to have our 
representative call. 
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DEPLETION OF CARCASS POTASSIUM IN RATS MADE 
HYPERTENSIVE WITH DESOXYCORTICOSTERONE 
ACETATE (DCA) AND WITH CORTISONE 


By ABBIE I. KNOWLTON anv EMILY N. LOEB 


(From the Department of Medicine, Columbia University College of Physicians and Surgeons, 
and the Presbyterian Hospital, New York, N. Y.) 


(Submitted for publication March 29, 1957; accepted May 13, 1957) 


The hypertension which can be induced experi- 
mentally in rats by the administration of desoxy- 
corticosterone acetate (DCA) differs from that 
which develops in rats given cortisone acetate in 
its dependence upon a liberal sodium intake (1). 
Not only is DCA-hypertension made more severe 
by providing the animals with excess sodium (2), 
but it fails to develop if the available supply of this 
cation be sufficiently restricted (3). In contra- 
distinction, the capacity of cortisone (1) or of hy- 
drocortisone (4) to elevate the blood pressure is 
independent of sodium intake. 

It seemed of interest, therefore, to determine 
whether the mechanisms underlying the dissimilar 
actions of these two groups of steroids would be 
reflected in the electrolyte composition of the tis- 
sues of animals given one or the other compound 
under conditions of sodium loading as well as of 
sodium restriction. A preliminary study analyzing 
pooled samples of tissue indicated that the hyper- 
tension induced by DCA was accompanied by an 
increase in carcass sodium, whereas this did not 
obtain in the carcasses of rats made hypertensive 
with cortisone (5). 


METHODS 


Sixty young female Sprague-Dawley rats! were di- 
vided at random into eight groups, averaging 118 to 
135 Gm. in body weight. The allocation of the animals 
and the experimental regimens employed are shown in 
Table I. The sodium content of the “low Na” diet on 
analysis was somewhat higher, and that of the “high Na” 
diet somewhat lower, than in the preliminary study. The 
latter was an intentional modification introduced in the 
hope of avoiding the high mortality in the DCA-injected 
group encountered in the preliminary study. DCA? was 
administered in sesame oil, subcutaneously, six days 


1 Obtained from the Holtzman Co., Madison, Wisconsin. 

2We wish to thank Dr. Kenneth Thompson of Or- 
ganon, Inc., Nutley, N. J., for generously supplying the 
desoxycorticosterone acetate. 


weekly, and cortisone acetate in aqueous suspension * was 
similarly given. It was necessary to sacrifice the rats 
of Group VII from four to seven days after the start 
of the experiment, as they became moribund from adrenal 
insufficiency. In this brief period all had lost significant 
amounts of weight, and their blood pressure readings had 
decreased markedly or were unobtainable. 

Blood pressures were measured according to the 
method of Friedman and Freed (6) but with the modi- 
fication that the animals were neither immobilized with 
curare nor anesthetized. Normal values obtained by 
this modified technique range 10 to 20 mm. Hg higher 
than those obtained on anesthetized animals. Readings 
in Group VII were obtained daily; in other groups read- 
ings were made weekly. At sacrifice all animals were 
anesthetized with Nembutal®, then exsanguinated from 
the incised heart. Blood obtained in this manner from 
individual rats was separated, and the sera combined 
with that of two or three other animals to form two pools 
per group. On these pooled sera, sodium and potassium 
were determined using a flame photometer with an in- 
ternal lithium standard; and chloride by the Van Slyke 
method as modified by Wilson and Ball (7). 

After removal of the gastrointestinal canal, heart, 
kidneys, right gastrocnemius, right femur and a 1-cm. 
square sample of skin, the remaining carcass was frozen. 

The individual frozen carcasses were coarsely ground 
by hand in a small meat grinder, and the water content 
determined on a 20-Gm. aliquot after desiccation for 
two weeks in an electric oven at 90° to 105° F. Fat con- 
tent was determined on this dried tissue following a 24- 
hour extraction with ethyl ether in a Soxhlet apparatus. 
The dry defatted tissue was then ground in a mortar and 
aliquots were taken for sodium, potassium, chloride and 
nitrogen determinations. For sodium and potassium, 0.4 
to 0.5 Gm. of tissue were placed in a chloride tube and 
digested 20 to 30 minutes in a water bath at 80° to 90° C. 
with 5 ml. nitric acid, then diluted to approximately 30 
ml., filtered twice through washed glass wool and made 
up to 100 ml. volume with 1: 200 parts of lithium by 
weight. Determinations were made in a Baird flame 
photometer. No corrections for calcium were made, as 
the amount present in samples of tissue was found in- 
sufficient to interfere with the sodium determinations. 
Similarly, no correction was made for nitric acid, 
since the small amount of lowering which this substance 


3 Kindly made available by Merck & Co., Rahway, N. J. 
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TABLE I 
Allocation of animals 


Drinking 
Diet water Steroid 


mg./day 
85% DCA 2.5 
.85% NaCl Cortisone Ac. 2.5 
0.85% NaCl il 
NaCl 


Tap water 
Tap water 


* On analysis Na content = 0.6 per cent. 
¢ On analysis Na content = 0.1 per cent. 


produces in both the sodium and potassium readings was hours after addition of the silver nitrate and nitric acid 
found to be within the limits of error of the method. before proceeding with heating and titration with am- 
For chloride, 0.5-Gm. samples were placed in chloride monium thiocyanate. For nitrogen, a macro-Kjeldahl 
tubes and the same method employed as for sera, with digestion was carried out on 1-Gm. samples. Following 
the exception that samples were allowed to stand 24 digestion and dilution with 130 ml. water, the digest was 


TABLE II 


Comparison of effects of DCA vs. cortisone acetate (E) on body weight, blood pressure and 
serum electrolytes of adrenalectomized rats 


Regimen 


High Na diet, 21 days 
I DCA + Adrx. 


Co 
awn me 


II E + Adrx. 


II] Adrx. 


IV _ Intact controls 


WO 
Cm Sm 


SS SS 


o~n Ne 


Low Na diet, 14 days 
V_ DCA + Adrx. 


E + Adrx. —26 


VII Adrx. —21 


VIII Intact controls +32 


95.8 
96.7 


Pw ON 

AN SOS SSO 
S& Sh ao 


* Each serum value = determination made on pooled sera from 3 to 4 individual rats. 

+ Treatment differences in blood pressures were jointly estimated by a 95 per cent simultaneous confidence interval 
following Tukey (8). (For the individual treatment comparisons this amounts to significance tests more strict than at 
the 5 per cent level.) Blood pressure values which differed significantly from intact controls on the same regimen have 
been italicized. For each of the serum electrolytes, treatment differences were based on weighted eta of the pool 
values and compared again by Tukey’s method. Whenever the weighted averages differed significantly from intact 
controls, the separate determinations were italicized. 

t Rats sacrificed after 4 to 7 days, at which time blood pressure obtainable in only one animal in the group. 


Experimental 
petiod 
days 
I High Na* 21 
II High Na 21 
Ill High Na 21 
IV High Na 21 
Vv Low Nat ap water Xcise A 2. 14 
VI Low Na Tap water Excised Cortisone Ac. 2.5 14 
VII Low Na Excised nil 4-7 
VIII Low Na Intact nil 14 
Serum* 
| po Change in weight Final blood pressure Nat Kt > 
Gm. mm. Hg mEq./L. 
Aver. Aver.  S.D. 
143. 
7 —14 5.9 195 2 
142. 
6 +31 10.2 132 12 
127. 
P| 6 +36 8.4 149 10 (i3e. 
138. i 
1 A 
8.5 195 17 { 
6.4 87t 
1 
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CARCASS POTASSIUM IN CORTISONE AND DCA INJECTED RATS 


filtered and made to a 250-ml. volume. The nitrogen 
content of a 2-ml. aliquot was then determined after t 
alkalinization by steam distillation of the resulting am- E : 

monia, trapped in boric acid and titrated against N/50 apne d 
HCl 


g Tukey (8). 


, Kt, Cl- and nitrogen which 


ys. 


RESULTS 


The results are set forth in Tables II and III. 
Weight 

In the groups provided with liberal quantities 
of sodium, essentially normal growth was evi- 
denced by all but the cortisone-injected rats. 
The impressive weight loss here was consistent 
with our previous observations (1) and again 
emphasizes the marked growth-suppressing ac- 
tivity of this steroid in the rat. 

Even more striking weight losses were observed 
in the cortisone-treated group on sodium restric- 
tion, whereas the steroid DCA, even under these 
conditions of limited intake of sodium, permitted 
normal growth. With no steroid replacement 
(Group VII) a very severe weight loss was seen 
even in the brief period of four to seven days dur- 
ing which these animals survived. 


, fat, Nat 


Values for water 


y a 95 per cent simultaneous confidence interval followin 
§ Rats sacrificed after 4 to 7 da 


per cent level.) 


Blood pressure 


As anticipated, the hypertensive action of DCA 
was evident only among those rats receiving liberal 
amounts of sodium, whereas equally severe de- 
grees of hypertension were seen on the low as well 
as the high sodium intake among the animals 
given cortisone. 


TABLE III 
Comparison of effects of DCA vs. cortisone acetate (E) on carcass composition of adrenalectomized rats 


jointly estimated b 


Electrolytes in sera 


DCA given with liberal quantities of sodium 
resulted in a significant lowering of the serum po- 
tassium and chloride. The serum sodium, when 
compared to the control group, appeared elevated. 
When sodium intake was restricted the steroid was 
a sufficiently potent sodium retainer to maintain 
a normal serum sodium concentration, but under 
these conditions no reduction in potassium or 
chloride occurred. Indeed, the potassium de- 
terminations on this regimen were higher than 
those of control animals. 

Unlike DCA, cortisone did not lead to hypo- 
chloremia or a reduced serum potassium when 
given to animals on a high sodium regimen. 
However, like DCA, cortisone did permit the 
maintenance of a normal serum sodium concentra- 


t Fat-free wet tissue. 


t For each category of measurements, the treatment differences were 
(This amounts to testing the individual treatment differences more strictly than at the 5 


differed significantly from intact controls on the same regimen have been italicized. 


I DCA + Adrx. 
IV _ Intact controls 
* Fat-free dry tissue. 


Low Na—14 days 


VIII Intact controls 


High Na—21 days 
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tion even in the face of a restricted intake. On 
this regimen the serum chloride was lower than 
normal and the serum potassium appeared lower 
than in the DCA groups. This latter difference 
may be a reflection of the different effect of these 
two steroids in sodium restricted rats upon carcass 
potassium (see below). 

In contrast to both steroid injected groups, the 
untreated adrenalectomized rats developed striking 
abnormalities within four to seven days of sodium 
depletion. In this study, these abnormalities were 
partially but not completely corrected by the pro- 
vision of a moderately high sodium intake (see 
Group III). 


Carcass analyses 


DCA groups. The hypertensive DCA rats given 
liberal quantities of sodium showed an impressive 
increase in their carcass sodium along with a de- 
crease in potassium. The water content was not 
significantly greater than that of normal rats and, 
indeed, was definitely less than that of adrenalec- 
tomized rats given no steroid replacement but 
maintained on a similar high sodium regimen. 
Since the increase in carcass sodium was not ac- 


companied by an increase in water content or chlo- 
ride content nor by a decrease in nitrogen, cal- 
culated as per cent of fat-free fresh tissue, the in- 
crease in sodium in this DCA-injected group is 
not the result of an extracellular edema; rather, 
it reflects an intracellular exchange of sodium for 


potassium. In the DCA-injected animals which 
remained normotensive on the low sodium regi- 
men, the only electrolyte change as compared to 
the normal group was a slight increase in carcass 
sodium, which was accompanied by an increase 
in water content but not by a reduction in nitrogen 
as related to wet weight. 

Cortisone acetate (E) groups. The striking 
changes in all hypertensive cortisone injected rats 
were dehydration and depletion of body potassium. 
These changes obtained equally in both high and 
low sodium intake groups. Unlike the hyper- 
tensive DCA animals, there was no reciprocal in- 
crease in carcass sodium, 1.e., the potassium effects 
here were not secondary to the changes in sodium. 
In fact, the carcass sodium values in both groups 
of cortisone-treated rats were not significantly 
different from those encountered in the intact con- 


trols on the respective regimens. 
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Control adrenalectomized groups. The impres- 
sive change observed in these animals on the low 
as well as those on the high sodium regimen was 
the increased total body water. It appears that the 
electrolyte content of the carcasses of the adrenal- 
ectomized rats on a high sodium intake was not 
significantly different from that of normal animals 
on a similar regimen. On the low sodium regimen 
a comparison of the adrenalectomized with the in- 
tact control group is misleading and probably not 
justified since the carcasses of the former reflected 
only four to seven days of sodium restriction, 
whereas those of the normals were analyzed after 
a full fourteen days on this regimen. 


DISCUSSION 


While the foregoing data point up certain dif- 
ferences in carcass composition between the rats 
injected with DCA and those which received cor- 
tisone acetate, it is clear that all these hypertensive 
rats exhibited one abnormality in common, 1.¢., a 
striking lowering in the total body potassium. 
This obtained regardless of whether the rise in 
blood pressure followed DCA or cortisone. 
Whether this change in potassium is an integral 
feature in the capacity of adrenal cortical steroids 
to produce hypertension remains to be determined. 
Certainly other situations which give rise to po- 
tassium deficiency may occur without hyperten- 
sion. 

In the DCA-treated rats a liberal, quantity of 
dietary sodium was necessary for both the rise 
in blood pressure and the potassium change to 
become evident. Indeed, the latter change was 
roughly reciprocal to the increase in carcass so- 
dium. This observed increase in sodium and de- 
crease in potassium is quite in keeping with previ- 
ously reported changes in skeletal muscle (9-12) 
of DCA-treated animals, and also compatible with 
reports of an increase in arterial wall sodium (13) 
and of a decrease in brain potassium (14). The 
increase in sodium in the DCA rats of the current 
experiment is also similar to findings encountered 
in hypertension due to other causes: 1) an increase 
in the sodium content of aortac (13), of brain, 
heart, liver, gut, muscle, skin and spleen (15) 
and in total carcass (16) in experimental renal 
hypertension, and 2) an increase in exchangeable 
sodium (17) and in the sodium content of aortae 
(18) of humans with severe hypertensive disease. 
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However, the increased carcass sodium in the 
present experiment cannot be considered a reflec- 
tion of extracellular edema as has been the case 
in certain instances of renal hypertension (19, 20), 
since these DCA rats did not have an accompany- 
ing increase in total body water or chloride, nor 
did they exhibit a significant decrease in carcass 
nitrogen expressed as per cent of fat-free wet 
weight. The increased sodium in this instance 
is better explained by assuming that an exchange 
of sodium for potassium has occurred intracel- 
lularly. 

Although the hypertensive DCA rats all ex- 
hibited an increase in carcass sodium, this change 
cannot be considered essential for the development 
of a rise in blood pressure per se, since it did not 
occur in either group of hypertensive cortisone- 
injected rats. The non-essential character of the 
increase in sodium in hypertension has been dem- 
onstrated previously by Grollman (21) in rats 
made hypertensive by ten days of a choline-de- 
ficient diet during the third and fourth week of 
life. In these animals he was unable to find any 
variation from normal in sodium, potassium, 
magnesium, chloride or water content of brain, 
gut, heart, liver, skeletal muscle or skin. 

The depletion of carcass potassium observed in 
the cortisone-injected rats in the current experi- 
ment has not, to our knowledge, been reported 
previously, although it is well recognized that this 
steroid leads to potassium diuresis in balance 
studies. Davis, Bass and Overman (12), who 
observed diuresis of potassium in cortisone- treated 
dogs, found that tissues from such animals, with 
intact adrenals, showed potassium depletion in 
muscle and brain but not in liver, heart, ileum, 
spleen, lungs or skin. An increase in sodium 
accompanied the potassium changes in muscle. 

The dehydration and the electrolyte changes 
observed in our studies in the rat cannot be at- 
tributed to the marked growth-inhibiting action 
of the steroid, since no such changes were found 
in normal rats starved so as to achieve a com- 
parable weight loss (5). This dehydration of the 
cortisone-treated animals is impressive and may 
possibly reflect over-activity of the mechanism 
which regulates water excretion. In contrast 
there was overhydration in the adrenalectomized 
rats given no steroid supplement. In the salt de- 
pleted group (Group VII) this overhydration was 
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clearly intracellular and is compatible with similar 
changes reported previously in muscle (22, 23). 
Over-hydration was also evident in the companion 
group (Group III) afforded a liberal sodium in- 
take, though in this instance, the decrease in the 
nitrogen values expressed as per cent of fat-free 
wet weight makes it likely that some portion of 
the excess fluid was stored extracellularly. 


SUMMARY 


The data demonstrate that the carcasses of rats 
made hypertensive by injection of DCA or of 
cortisone acetate contain significantly less potas- 
sium than normal. 

The potassium decrease in the carcasses of rats 
made hypertensive with DCA is accompanied by a 
reciprocal increase in carcass sodium. Sodium 
restriction prevented both the hypertension and, 
to a large extent, the electrolyte abnormalities. 

The potassium decrease in the carcasses of rats 
made hypertensive with cortisone is not accom- 
panied by a reciprocal change in sodium and de- 
velops under conditions of sodium restriction as 
readily as on a high sodium intake. Whether this 
correlation between potassium depletion and hy- 
pertension has causal significance cannot be stated. 

The marked dehydration present in adrenalec- 
tomized rats given cortisone and the striking over- 
hydration present in adrenalectomized control rats 
were equally apparent on high and low sodium 
intakes. 
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THE PHYSIOLOGICAL DISPOSITION AND METABOLIC FATE 
OF CORTISONE IN MAN 
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In an earlier paper we described studies on the 
physiological disposition and metabolic fate of hy- 
drocortisone in man (1). This paper describes 
similar studies on cortisone. Although contribut- 
ing very little to the body pool of adrenal corti- 
cal steroids, cortisone has been used extensively 
as a therapeutic agent, and it was therefore of in- 
terest to compare its metabolism with that of hy- 
drocortisone. Large doses of cortisone and hy- 
drocortisone were administered intravenously and 
rates of disappearance from the plasma determined 
in normal subjects and in patients with liver dis- 
ease, myxedema, thyrotoxicosis, and rheumatoid 
arthritis. Trace quantities of cortisone-4-C™ and 
hydrocortisone-4-C'* were employed in certain 
studies. From these studies, information was ob- 
tained regarding rate of metabolic transformation, 
rate of absorption, rates and routes of excretion 
of cortisone and its metabolites, and, to some ex- 
tent, the identity and amount of these metabolites. 
Information was also obtained on the in vivo con- 
version of cortisone to hydrocortisone. 


MATERIALS AND METHODS 


Administration of steroid. The steroids were dissolved 
in 25 ml. ethanol and added to 500 ml. of sterile five per 
cent dextrose in water. This solution was administered 
intravenously over a period of 10 to 20 minutes. For 
oral or intramuscular administration the steroids were 
suspended in saline. Cortisone-4-C* was administered 
intravenously in trace quantities in a small volume of 
five per cent ethanol in water over a period of 3 to 5 
minutes, or mixed with carrier cortisone and given in 
500 ml. of three per cent ethanol in five per cent dextrose 
in sterile distilled water. Following the administration 
of the steroids, blood samples were drawn in heparinized 
syringes every 20 or 30 minutes for 2 hours or more. 
Urine samples were collected and preserved by freezing. 

Methods of assay. The extraction procedures for the 
steroids in plasma and urine were the same as those de- 
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scribed previously (1). Cortisone and certain of its 
metabolites in plasma were determined by a modification 
(2) of the original phenylhydrazine procedure of Silber 
and Porter (3). Specificity of this method of assay for 
plasma hydrocortisone after administration of hydro- 
cortisone was shown to be high, as tested by counter- 
current distribution and isotope dilution techniques. Us- 
ing these same techniques, it was found that the Silber- 
Porter method was much less satisfactory for the specific 
measurement of cortisone after the administration of 
cortisone. 

Counter-current distribution. Plasma drawn 60 min- 
utes after a 20-minute intravenous infusion of 200 mg. of 
cortisone was extracted with dichloromethane. A trace 
quantity of cortisone-4-C* was added to the dichloro- 
methane extract. The extract was evaporated to dry- 
ness, and the apparent cortisone subjected to a 16-trans- 
fer counter-current distribution. The solvents used were 
one volume of water as the upper phase and one volume 
of a mixture containing four parts carbon tetrachloride 
and one part dichloromethane as the lower phase. This 
system gave a partition coefficient of 1.5 for cortisone. 
After distribution, aliquots of both phases were assayed 
by the phenylhydrazine reaction, and for carbon“. Fig- 
ure 1 shows the distribution of the phenylhydrazine react- 
ing material in plasma, and the cortisone-4-C™%. The 
data indicate that more than one-half of the dichloro- 
methane-soluble material in plasma reacting with phenyl- 
hydrazine was not cortisone. The major metabolites 
giving the phenylhydrazine reaction are distributed in a 
manner like hydrocortisone (K=5.2) and tetrahydro- 
cortisone (K = 4.8). 

Isotope dilution. The plasma samples obtained follow- 
ing the administration of cortisone were subjected to an 
isotope dilution assay, and additional aliquots were as- 
sayed by the phenylhydrazine procedure. The isotope 
dilution assay was carried out by first adding a known 
quantity of cortisone-4-C“ to a known volume of plasma. 
The plasma was extracted with dichloromethane, and the 
dichloromethane extract evaporated to dryness in vacuo 
and subjected to paper chromatography in a modified 
Bush-type (4) system (cyclohexane 2: benzene 4: metha- 
nol 4: water 1), along with a cortisone standard. Fol- 
lowing development of the chromatogram for 18 to 24 
hours, the paper strip was removed and scanned with 
ultraviolet light. The cortisone reference standard was 
located and marked (cortisone moves about 20 cm. in 
24 hours). The band of paper containing the plasma 
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cortisone was cut into a very narrow strip, perpendicu- 
lar to the running direction of the solvent. The cortisone 
was eluted from this paper strip with 3 ml. of 95 per cent 
cold ethanol and the ethanol evaporated to dryness under 
a stream of nitrogen. 

The residue was dissolved in a small volume of dichloro- 
methane (4 to 8 ml.). One aliquot was taken for phenyl- 
hydrazine assay, and another for carbon“ assay. The 
specific activity of the cortisone expressed in counts per 
minute per microgram was then determined from the ra- 
dioactivity value and the quantitative cortisone value as 
determined by the phenylhydrazine assay. The quantity 
of cortisone in the plasma sample was calculated as previ- 
ously described (2). 

Procedure for determination of cortisone metabolites 
in urine. The method and reagents were the same as 
those previously described for hydrocortisone (1). 

Studies with cortisone-4-C“. Cortisone-4-C™ acetate 
(0.49 mc. per mM), hydrocortisone-4-C* (1.47 mc. per 
mM), tetrahydrocortisone-4-C* mono-acetate (0.4 mc. 
per mM), and dihydrocortisone-4-C™ acetate (0.4 mc. per 
mM) were made available through the Endocrine Study 
Section of the National Institutes of Health.2 The ace- 
tates were converted to the free steroids by hydroylsis at 
pH 7.4 with acetyl cholinesterase (Nutritional Bio-Chemi- 
cals Corp.), 500 units per 3 ml. 0.5 M glycyl glycine 
buffer. The buffered solution was incubated at 37° C. for 


2 Carbon“-labeled tetrahydrohydrocortisone and dihy- 
drohydrocortisone were prepared enzymatically from hy- 
drocortisone-4-C™ (5). 


18 hours, and then was extracted with dichloromethane. 
The dichloromethane was evaporated to dryness under 
nitrogen, and the residue chromatographed on paper for 
18 hours (cyclohexane 2: benzene 4: methanol 4: water 
1). The free cortisone, tetrahydrocortisone, and di- 
hydrocortisone were eluted from the paper with 95 per 
cent ethanol. Reverse isotope dilution analysis, using 
paper chromatography, showed these to be essentially 
pure steroids. 

The plasma and urine samples for radioactivity assay 
were extracted in the same manner as for the colori- 
metric assays; however, the dichloromethane extracts 
were transferred to planchets for counting. 

The studies on the biliary excretion of the radiometabo- 
lites of cortisone-4-C* were made on the same patient 
who was used for the hydrocortisone-4-C™ studies (1). 

Procedure for carbon“ analysis of samples. All assays 
for carbon“ were carried out with a Robinson (6) gas- 
flow counter as previously described (1). Plasma, urine, 
and bile samples were counted as previously described 


(1). 
RESULTS 
Rate of disappearance of cortisone and “cortisone- 
like” material from plasma after intravenous 
administration 
When the concentrations of phenylhydrazine- 
reacting material present in the plasma after the 
infusion of cortisone were plotted against time on 
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semilogarithmic paper, a straight line was ob- 
tained. (In a few of the subjects with cirrhosis, 
e.g., Figure 5, a single straight line was not ob- 
served.) In normal subjects the half-time of dis- 
appearance of the material reacting with phenylhy- 
drazine was the same, irrespective of the quantity 
of cortisone administered over a range of 50 to 
400 mg. This indicated that the rate of disap- 
pearance of cortisone (and its metabolites) was 
proportional to concentration over a wide range 
of concentrations. This permitted a comparison 
of the behavior of infused cortisone in different 
subjects under various conditions. 

In 15 normal subjects, the mean biological half- 
time of the material reacting with phenylhydrazine 
was 60 minutes, with a range of 45 to 95 min- 
utes (Figure 2). In patients with cirrhosis of the 
liver and myxedema, the biological half-times were 
not significantly prolonged. In the subjects with 
thyrotoxicosis, the half-times were shortened 
(mean, 28 minutes) and in the rheumatoid arthri- 
tis patients, the half-times were within the normal 
range. 

In all groups except for the subjects with thyro- 
toxicosis, the differences in the half-times for the 
material reacting with phenylhydrazine were not 
greatly different from those in the normals, and 
thus it was not possible to be sure that cortisone 
per se was being metabolized at a different rate. 
Since both counter-current distribution and iso- 
tope dilution analysis of the material reacting with 
phenylhydrazine indicated that a large fraction of 
the steroid measured with the phenylhydrazine 
reagent was not cortisone, it was of interest to 
determine the rate of disappearance of true corti- 


TABLE I 
of cortisone and phenylhydrazine-reacting 
‘oids from plasma following intravenous 
administration of cortisone 


Biological half-times 
(minutes) 


yx 
Thyrotoxicosis 
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sone in these groups (Table 1). In four normal 
subjects, cortisone, as determined by isotope dilu- 
tion assay, was found to disappear at a rate ap- 
proximately twice that of the material reacting 
with phenylhydrazine. In three patients with 
cirrhosis of the liver and in one patient with 
myxedema, cortisone was also found to disappear 
at the normal rate. However, in one patient with 
thyrotoxicosis, the half-time for true cortisone (12 
minutes) and the steroids reacting with phenylhy- 
drazine (30 minutes) were both much reduced. 
In all cases the actual cortisone disappeared at ap- . 
proximately twice the rate of the phenylhydrazine- 
reacting material. 


Disappearance of radioactive cortisone from 


plasma 
Following intravenous infusion of cortisone-4- 


C™, the concentration in plasma of isotopic sub- 
stances extractable with dichloromethane decreased 
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logarithmically with time (Figure 3). In three 
subjects, half-times of 35, 46, and 55 minutes were 
obtained. A large fraction of the extractable ma- 
terial was not cortisone, and in two subjects the 
results of paper chromatographic analyses of 
plasma extracts obtained 30 to 120 minutes after 
infusion indicated that more than 60 per cent of 
the radioactivity of this fraction was attributable 
to the presence of other steroid products. Also, 
reverse isotope dilution analyses of the plasma 
samples in one subject revealed that the actual 
cortisone-4-C'* had a half-time of 35 minutes, 
whereas the half-time of the carbon™* was 55 min- 
utes. On the basis of isotopic dilution studies of 
plasma after infusion of cortisone (e.g., Figure 
4), it is reasonable to assume that hydrocortisone, 
tetrahydrocortisone, and tetrahydrohydrocortisone 
make up a large portion of these unconjugated 
radioactive metabolites. 

In addition to the unconjugated metabolites in 
plasma, there was present a fraction of labeled 
metabolites that was rendered dichloromethane 
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soluble following B-glucuronidase hydrolysis. As 
the free steroids disappeared from plasma, con- 
jugated derivatives hydrolyzable with B-glucuron- 
idase appeared, and reached a maximum at 90 
to 120 minutes. At 90 minutes the free and con- 
jugated fractions were of equal magnitude. 
Thereafter, the conjugated fraction exceeded the 
level of the free, and disappeared from the plasma 
at a rate slower than that of the free fractions. 


Comparative rates of disappearance from plasma 
of steroids structurally related to cortisone 


Table II shows the rates of disappearance from 
the plasma of several steroids structurally similar 
to cortisone, in a normal subject and in one pa- 
tient with cirrhosis of the liver. The phenylhydra- 
zine method was used for assay of all of these 
steroids except cortisone, and with all the steroids, 
except for cortisone, the assay method has been 
found to be relatively specific (on the basis of 
evaluation by isotope dilution assay). In the nor- 
mal subject and the patient with cirrhosis, corti- 
sone and the dihydro and tetrahydro derivatives 
of cortisone and hydrocortisone disappear much 
more rapidly than hydrocortisone. 


In vivo conversion of cortisone to hydrocortisone 


Cortisone was infused over a period of 12 min- 
utes into a normal subject and a patient with cir- 
rhosis of the liver, and blood samples were col- 
lected at various times after the termination of 
the infusion. Endogenous adrenal hydrocortisone 
production was suppressed by the prior adminis- 
tration of A’, 9a-fluorohydrocortisone (2.5 mg. per 
day). The plasma samples were assayed for total 


TABLE II 
Biological half-times of various steroids following their 
intravenous administration 


Biological half-times 
(minutes) 


Normal Cirrhosis 


Hydrocortisone 
Cortisone* 
Dihydrocortisone 
Tetrahydrocortisone 
Dihydrohydrocortisone 
Tetrahydrohydrocortisone 


* Cortisone was determined by the isotope dilution pro- 
—- and all other steroids by the phenylhydrazine 
me 
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material reacting with phenylhydrazine. With 
the use of the isotope dilution procedure with 
paper chromatography, the samples were assayed 
for hydrocortisone, cortisone, tetrahydrocortisone, 
and tetrahydrohydrocortisone.* In the normal 
subject, one-half of the cortisone had disappeared 
in 23 minutes. Within one hour, the concentra- 
tion of hydrocortisone and of tetrahydrocortisone 
equaled the level of cortisone, and after two hours 
the cortisone could no longer be detected (Figure 
4). Figure 5 shows the results obtained in the 


8 The accuracy of the isotope dilution assay was not in 
every instance checked by purification of the samples to 
a constant specific activity. In many assays, however, 
the samples were either re-chromatographed in different 
solvent systems or converted to their respective acetates 
and re-chromatographed. Whenever these additional 
purifications were carried out, the repeat specific activities 
checked with the first assay to within the average error 
of the method + 10 per cent. 
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patient with cirrhosis of the liver. Cortisone dis- 
appeared at a normal rate, and after two hours the 
level of the material reacting with phenylhydrazine 
approximated the level of free hydrocortisone. 

Three hundred mg. of carrier cortisone plus 3 
microcuries of cortisone-4-C** were infused into 
a normal subject over a period of 10 minutes. 
Endogenous hydrocortisone production was sup- 
pressed by the prior administration of A*,9a-fluoro- 
hydrocortisone. Blood samples were collected 
every 30 minutes during the two-hour period fol- 
lowing termination of the infusion. Each plasma 
sample was extracted with dichloromethane and 
subjected to paper chromatography, and the corti- 
sone and hydrocortisone eluted from the paper 
with 95 per cent ethanol. The specific activity of 
each steroid was determined. All samples of cor- 
tisone and hydrocortisone gave similar (+ 10 per 
cent) specific activities. With labeled hydrocorti- 
sone, it was not possible to detect any conversion 
of hydrocortisone to cortisone.* 
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4 Some conversion of hydrocortisone to cortisone was 
shown to occur, however, as was evident from the iso- 
lation of C*-labeled cortisone from the urine, after ad- 
ministration of C™-labeled hydrocortisone. 
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TABLE Ill 


Plasma steroid concentration following administration of cortisone or hydrocortisone, 
and cortisone or hydrocortisone acetate 


Minutes following administration of steroid 


Cortisone, 200 mg. intravenously 
PNH* 
E 
F 

Hydrocortisone, 200 mg. intravenously 


Cortisone, 200 mg. orally 
PNH 
E 
F 
Hydrocortisone, 200 mg. orally 


200 mg. intramuscularly 


F 
Hydrocortisone, 200 mg. intramuscularly 


Cortisone acetate, 225 mg. orally 
H 


Hydrocortisone acetate, 225 mg. orally 


S808 


16 


*PNH = Phenylhydrazine-reacting steroids; E = Cortisone; F = Hydrocortisone. 


t Figures are expressed as micrograms per cent. 


Table III] indicates the extent of the in vivo 
conversion of cortisone to hydrocortisone follow- 
ing the administration via different routes of corti- 
sone and hydrocortisone to a normal subject in 
whom adrenal hydrocortisone production had been 
suppressed by the prior administration of A’,9a- 
fluorohydrocortisone. Two hundred mg. of crystal- 
line cortisone and hydrocortisone and 225 yg. of the 
acetates were administered. Following the ad- 
ministration of cortisone, both cortisone and hy- 
drocortisone were assayed by isotope dilution. 
Following the administration of hydrocortisone, 
the hydrocortisone was assayed by the phenylhy- 
drazine method.* After oral or intramuscular ad- 
ministration of cortisone, the plasma hydrocorti- 
sone levels were one-half to two-thirds the levels 
obtained after the administration of comparable 


5 This assay method has been shown to be highly spe- 
cific for hydrocortisone under these conditions. After 
oral or intramuscular administration of hydrocortisone or 
hydrocortisone acetate, more than 90 per cent of the 
steroid reacting with phenylhydrazine was hydrocortisone, 
and after intravenous administration of hydrocortisone, 
80 to 90 per cent of the steroid reacting with phenylhy- 
drazine was found to be hydrocortisone. 


amounts of hydrocortisone. The higher plasma 
hydrocortisone levels after oral cortisone acetate 
as contrasted with oral hydrocortisone acetate are 
the result of the incomplete absorption of hydro- 
cortisone acetate (unpublished observations). 
Following intravenous administration of corti- 
sone, lower hydrocortisone levels are obtained, 
presumably because via this route of administra- 
tion a larger fraction of the cortisone is rapidly 
transformed to tetrahydrocortisone. 


Excretion of cortisone and metabolites 


Following intravenous administration of corti- 
sone, 30 to 40 per cent of the administered steroid 
was recovered as material reacting with phenyl- 
hydrazine in the dichloromethane extract of glu- 
curonidase-treated urine during the first 24 hours. 
Approximately one-half of the recovered material 
appeared in the urine during the first four hours. 
Direct extraction of the urine with dichlorometh- 
ane yielded phenylhydrazine substances equiva- 
lent to 3 to 7 per cent of the administered dose, 
and most of these unconjugated steroids were ex- 
creted during the first six hours. 
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TABLE IV 


Urinary excretion of phenylhydrazine-reacting steroids 
following infusion of 100 mg. cortisone 


Urinary steroids* 
(%) 


Glucuronide 


Cortisone 
Hydrocortisone 
Dihydrocortisone 
Tetrahydrocortisone 
Dihydrohydrocortisone 
Tetrahydrohydrocortisone 
Phenylhydrazine assay 


steroids determined by the isotope dilution 
met’ 

t Independent study on this same normal subject given 
cortisone-4-C™, 


Hydrocortisone represented only one of the 
pathways of metabolism of cortisone. A large 
fraction of the cortisone was rapidly converted 
to tetrahydrocortisone. Table IV indicates the 
portion of the steroids reacting to phenylhydrazine 
that were made up of free cortisone, hydrocorti- 
sone, and their dihydro and tetrahydro derivatives, 
following the infusion of 100 mg. of cortisone. 
These figures were obtained by isotope dilution 
assay. Most of the glucuronide conjugated metab- 
olites reacting with phenylhydrazine were com- 
pounds more polar than cortisone, and more than 
seventy per cent of the steroid glucuronides react- 
ing with phenylhydrazine consisted of tetrahydro- 
cortisone. 


Urinary excretion of radiometabolites of cortisone 


Figure 6 shows the cumulative urinary excre- 
tion of labeled cortisone and its metabolites fol- 
lowing intravenous administration of a tracer 
quantity of cortisone-4-C* plus 200 mg. carrier 
cortisone. Eighty per cent of the injected dose 
was excreted within the first 24 hours. A small 
additional quantity appeared during the second, 
and a trace during the third 24-hour period. By 
the fourth day, no labeled urinary products could 
be demonstrated. In three such studies, an aver- 
age of 91 per cent of the infused radioactivity was 
accounted for through urinary excretion. The 
half-time of the initial excretion rate of these 
products averaged 3.6 hours. During the first six 
hours, there was excreted a urinary fraction which 
was extractable with dichloromethane without 
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prior hydrolysis. This fraction contributed to 
seven per cent of the total infused radioactivity, 
whereas four per cent of the administered steroid 
could be recovered as material reacting with 
phenylhydrazine. Following glucuronidase hy- 
drolysis and dichloromethane extraction of the 
urine, 55 per cent of the administered radioactivity 
was recovered, but only 30 per cent as measured by 
the phenylhydrazine assay. 


Biliary excretion of radiometabolites of cortisone 


Following intravenous administration of corti- 
sone-4-C"* to a patient with a biliary cannula (1), 
the rate of accumulation of metabolites in the urine 
and the total quantity appearing were much the 
same as in the normals. The total quantity of 
metabolites appearing in the bile was four per 
cent of the injected dose. Analysis of the feces 
collected for three days following the infusion of 
the steroid failed to yield any radioactivity. Di- 
rect dichloromethane extraction of the bile failed 
to reveal the presence of any radioactivity. 


80 
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Absorption of cortisone 

Following oral administration, as with intra- 
venous infusion, 30 to 40 per cent of the adminis- 
tered steroid was recovered in the urine as metab- 
olites of cortisone reacting with phenylhydrazine 
within the first 24 hours. Following oral ad- 
ministration of either a trace quantity of cortisone- 
4-C** or cortisone-4-C** plus 200 mg. added car- 
rier, a cumulative rate of excretion of labeled me- 
tabolites similar to that obtained after intravenous 
administration was found. 


DISCUSSION 


These studies point up the importance of evalu- 
ating the specificity of the assay procedure in stud- 
ies of steroid metabolism. Determinations of the 
rate of metabolism of cortisone, as judged by its 
disappearance from the plasma following intra- 
venous infusion, through the use of the phenylhy- 
drazine assay method, indicated an average bio- 
logical half-time in normal subjects of about 60 
minutes. However, by means of a specific iso- 
tope dilution method, it was found that the actual 
cortisone had an average plasma biological half- 
time of 28 minutes. It was shown that the phenyl- 
hydrazine method measured the combined rates 
of disappearance of cortisone and metabolites of 
cortisone (hydrocortisone, tetrahydrohydrocorti- 
sone, and tetrahydrocortisone). The disappear- 
ance of true cortisone, as determined by an iso- 
tope dilution assay, was found in all cases to have 
the characteristics of a first-order reaction. Since 
less than one per cent of the administered corti- 
sone was excreted as unaltered steroid, the rate of 
disappearance of cortisone from plasma was pre- 
sumably a measure of its rate of metabolism. 

In patients with liver disease, cortisone disap- 
peared from the plasma at the normal rate, 
whereas hydrocortisone has been shown to be 
metabolized at a much slower rate (1, 7). In 
patients with liver disease, cortisone was metabo- 
lized at the same rapid rate as the biologically in- 
active dihydro and tetrahydro metabolites of cor- 
tisone and hydrocortisone. 

Patients with thyrotoxicosis showed an in- 
creased rate of metabolism of both cortisone and 
hydrocortisone. Corticosterone has also been 
found to be metabolized at an increased rate in 
thyrotoxicosis (8). This may indicate that in 
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thyrotoxicosis there is a general increased turn- 
over of the various steroid dihydro-dehydrogenase 
enzymes required for saturation of ring A of many 
of the steroids. 

These data on the metabolism of cortisone are 
at variance with those of Eik-Nes, Sandberg, Ty- 
ler, and Samuels (9), who, using a phenylhydra- 
zine assay, reported that cortisone and hydrocorti- 
sone were metabolized at the same rate in normal 
subjects. 

Cortisone was metabolized at a rate approxi- 
mately four times faster than that of hydrocorti- 
sone; however, cortisone has approximately two- 
thirds the biological activity of hydrocortisone. 
This indicates a clear lack of correlation between 
rate of metabolism of a steroid known to be bio- 
logically potent and its biological activity as ob- 
served in man and animals. Since, however, 
such a large fraction of the administered cortisone 
was found to be rapidly converted to hydrocorti- 
sone, it may be that most of the biological activity 
of cortisone resides in that fraction that is con- 
verted to hydrocortisone. 

Previous investigators have shown by perfu- 
sion of the liver (11, 12) and with liver slices (13, 
14) and liver homogenates (15, 16), that cortisone 
is converted to hydrocortisone. Also, studies of 
urinary steroid metabolites in man following the 
administration of cortisone have demonstrated 
this conversion (17-19). Attempts to evaluate 
the extent of the conversion of cortisone to hydro- 
cortisone through studies of the levels of cortisone 
and hydrocortisone in the urine may give an in- 
complete picture, since only a small fraction of the 
administered steroid is excreted as cortisone and 
hydrocortisone. Studies of plasma levels give a 
better indication of the initial sequence of metabolic 
transformations of administered steroid. 

Our studies demonstrated that a large fraction 
of the administered cortisone was converted to hy- 
drocortisone, and the relative ratio of hydrocorti- 
sone to cortisone in the plasma after administration 
of cortisone was very much dependent on the 
method of administration. Following a rapid in- 
fusion of a large amount of cortisone, a large frac- 
tion of the cortisone was converted initially to 


6 9a-fluorohydrocortisone, a steroid possessing consid- 
erably more biological activity than hydrocortisone, has 
been found to be metabolized at a slightly more rapid rate 
than hydrocortisone (unpublished observations [10]). 


tetrahydrocortisone. After the oral or intramus- 
cular administration of cortisone, hydrocortisone 
made up the largest fraction of phenylhydrazine 
steroid in the plasma, and following orally ad- 
ministered cortisone acetate with its slower ab- 
sorption, hydrocortisone accounted for 90 to 95 
per cent of the plasma steroid reacting with phenyl- 
hydrazine. Thus, with the usual routes of ad- 
ministration of cortisone as it is used thera- 
peutically, the plasma levels of hydrocortisone 
were one-half to two-thirds those obtained after 
administration of comparable amounts of hydro- 
cortisone. This difference cannot be explained 
on the basis of a more incomplete absorption of the 
orally administered cortisone (Figure 6). Corti- 
sone acetate, like cortisone and hydrocortisone, has 
been found to be completely absorbed after oral ad- 
ministration, but at a slightly slower rate. The 
lower plasma hydrocortisone levels after orally 
administered hydrocortisone acetate are the re- 
sult of its incomplete absorption. 

Clinical studies on the relative potency of corti- 
sone versus hydrocortisone administered orally to 
humans have shown that, on a weight basis, corti- 
sone is approximately two-thirds as effective as hy- 
drocortisone as an anti-inflammatory agent (20, 
21). Cortisone administered orally also appears to 
be about two-thirds as effective as hydrocortisone 
in suppression of the adrenal (22). In addition, 
studies on the relative potency of cortisone and hy- 
drocortisone in the rat, through the use of such 
indices as thymic involution, liver glycogen depo- 
sition, and the muscle work test, have shown that 
cortisone is only about two-thirds as active as 
hydrocortisone (23). Thus, by several criteria, 
cortisone has been shown to be biologically less 
active than hydrocortisone. From our observa- 
tions it would appear that one could account for 
most, if not all, of the biological activity of corti- 
sone on the basis of that fraction that is converted 
to hydrocortisone (plasma levels of hydrocortisone 
after cortisone, one-half to two-thirds the levels of 
hydrocortisone after comparable doses of hydro- 
cortisone). Intra-articularly injected cortisone or 
its acetate, though reported to be converted in 
part to hydrocortisone (24), has been found to 
be very much less effective in the relief of joint 
symptoms than either hydrocortisone or its acetate 
(25-27). This lack of effectiveness may be due 
to the failure of the synovium to effect any sig- 
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nificant conversion of cortisone to hydrocortisone. 
Indeed, preliminary studies have shown no detec- 
table conversion of cortisone to hydrocortisone 
when cortisone was injected into the intra-articu- 
lar space in patients with active rheumatoid arth- 
ritis (28). 

The liver would appear to be the organ responsi- 
ble for the conversion of cortisone to hydrocorti- 
sone, and Ingle (29) has stated that cortisone is 
biologically inactive for maintenance of life in the 
hepatectomized, adrenalectomized rat, but not in 
rats with an intact liver. Subsequent studies, how- 
ever, by Ingle and his co-workers (30, 31) have 
demonstrated by other physiological functions that 
cortisone was active in the absence of the liver. 
In these studies, no attempt was made to deter- 
mine if the extra-hepatic tissues could transform 
cortisone to hydrocortisone. Steroid glucocorticoid 
properties (glycogen deposition, pituitary-adrenal 
suppression, anti-inflammatory activity) may re- 
quire the presence of an 118-hydroxy function. 
The glucocorticoid properties of the 11-dehydro 
steroids may depend on the presence of liver 11B- 
hydroxy dehydrogenase enzymes. Preliminary 
unpublished data on the metabolism of A‘-cortisone 
have shown that following oral administration of 
this steroid, the plasma levels of A1-hydrocortisone 
far exceed the A‘-cortisone levels. This again 
suggests that the biological activity of the adminis- 
tered 11-dehydro compound (A'-cortisone) may 
reside in that fraction that is transformed to A?- 
hydrocortisone. It is also of interest to note that 
the 2-methyl analogues of cortisone and 9a-fluoro- 
hydrocortisone have very much less glucocorticoid 
activity than the parent 118-hydroxy steroids 
(32). It will be of interest to determine if the 
liver in vivo is unable to effect a reduction of the 
11-keto groups of the 2-methy! steroids. 

The major route of excretion of labeled metabo- 
lites of cortisone was via the urine, in which up to 
91 per cent of the administered carbon** appeared 
in 72 hours. Only a minor fraction of the steroid 
(about four per cent) was excreted into the gastro- 
intestinal tract via the bile. Previous results ob- 
tained with hydrocortisone were similar (1, 33, 
34). Studies with corticosterone have yielded 


similar results ; however, slightly more is excreted 
through the bile and less via the urine (8, 35). 

In the present study, recoveries of metabolites in 
urine indicated that three to seven per cent of the 
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cortisone, when administered either orally or in- 
travenously, was directly extractable with di- 
chloromethane without prior hydrolysis. All of 
these freely extractable steroids appeared within 
the first six to eight hours after administration. 
Only 0.3 per cent of the administered steroid was 
excreted as unaltered cortisone, and the remaining 
steroids consisted for the most part of hydrocorti- 
sone, tetrahydrocortisone, and tetrahydrohydro- 
cortisone. 

Urinary metabolites equivalent to 50 to 60 per 
cent of the administered cortisone-4-C'* were re- 
leased by enzymatic hydrolysis ($-glucuronidase) 
as determined by radioactivity analysis. Thirty 
to 40 per cent of the administered cortisone was 
accounted for in the urine as metabolites reacting 
with phenylhydrazine. 

These data agree well with previously pub- 
lished reports on cortisone metabolites extractable 
with butanol (36), or extractable with chloroform 
or similar solvents following -glucuronidase hy- 
drolysis (37, 38). The disparity between the 
carbon’* and phenylhydrazine analyses may be in 
large measure accounted for in the same way as 
with the hydrocortisone metabolites (39)—the 
presence of C,,-hydroxy compounds that do not 
react with phenylhydrazine. Also, a small frac- 
tion of the non-phenylhydrazine reacting material 
may be C,,-17 ketosteroids. Tetrahydrocortisone 
made up the major portion of the metabolites re- 
acting with phenylhydrazine, and tetrahydrocorti- 
sone and tetrahydrohydrocortisone accounted for 
93 per cent of all the phenylhydrazine-reactive glu- 
curonide conjugates.’ 

After prior hydrolysis of the conjugated prod- 


7 The following unpublished data may be pertinent to 
the findings that following intravenous administration of 
cortisone, the urinary concentration of tetrahydrocortisone 
glucuronide greatly exceeds the concentration of tetra- 
hydrohydrocortisone glucuronide: Following intravenous 
infusion of tetrahydrocortisone, seven per cent was re- 
covered in the urine as tetrahydrohydrocortisone, and 40 
per cent as tetrahydrocortisone after glucuronidase hy- 
drolysis. Twenty per cent of infused tetrahydrohydro- 
cortisone was recovered in the urine as tetrahydrocorti- 
sone, and 30 per cent as tetrahydrohydrocortisone after 
glucuronidase hydrolysis. Thus, the presence of the a, 8 
unsaturated 3-keto group in ring A seems to direct the en- 
zymatic reduction of cortisone — hydrocortisone, whereas 
the saturated ring A seems to favor oxidation of the 11- 
hydroxy group (tetrahydrohydrocortisone — tetrahydro- 
cortisone). 
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ucts with £-glucuronidase and extraction of re- 
leased steroids with dichloromethane, an additional 
5 to 10 per cent of the infused isotope can be ex- 
tracted with ethyl acetate, and another 10 to 20 
per cent with n-butanol saturated with water. 
Whether these fractions represent glucuronides 
hydrolyzable but not extracted with dichloro- 
methane, glucuronides resisting hydrolysis with 
bacterial enzymes, or sulfates or other conjugation 
products, remains to be determined, as does the 
nature of the metabolites in the urine residue com- 
pletely resisting extraction (five to ten per cent). 
Acid hydrolysis at room temperature for 24 hours 
will not make this latter fraction soluble in organic 
solvents. 


SUMMARY 


The physiological disposition and metabolic fate 
of cortisone were studied in man following intra- 
venous infusion of steroid in doses up to 400 mg. 
In normal subjects, the biological half-life of the 
steroids reacting with phenylhydrazine in the 
plasma after infusion of cortisone was shown to 
average 60 minutes. Following infusion of tracer 
quantities of cortisone-4-C**, the biological half-life 
of the unconjugated radioactive metabolites was 
found to be 35 to 55 minutes. A large fraction 
of these steroids measured with the phenylhydra- 
zine reagent and by radioactive assay was, how- 
ever, not cortisone. The biological half-life of the 
actual cortisone was found by a specific isotope di- 
lution assay procedure to average 28 minutes in 
normal subjects. In patients with thyrotoxicosis, 
cortisone was found to disappear from the plasma 
at an increased rate, and in patients with liver dis- 
ease, cortisone disappeared at the normal! rate. 

Administered cortisone was found to be very 
rapidly metabolized to hydrocortisone. The 
plasma hydrocortisone levels after oral or intra- 
muscular administration of cortisone were found 
to be one-half to two-thirds those found following 
administration of comparable amounts of hydro- 
cortisone. The absorption of cortisone from the 
gastrointestinal tract was found to be both rapid 
and complete. It was suggested that most, if not 
all, of the biological activity of cortisone could be 
accounted for by that fraction that was trans- 
formed to hydrocortisone. 

Normal subjects excreted approximately 90 per 
cent of the administered steroid as urinary metabo- 


lites in 72 hours, as judged from excretion of 
carbon"* following infusion of tracer or larger 
quantities of labeled steroid. Four per cent was 
excreted in the bile. Three to seven per cent was 
excreted in the urine as unconjugated substances ; 
0.3 per cent as unchanged cortisone, and another 
0.6 per cent as hydrocortisone. About 55 per 
cent of the administered steroid was excreted as 
metabolites hydrolyzable with bacterial B-glucu- 
ronidase; however, only about one-half of this 
fraction was detectable with the phenylhydrazine 
reaction, and tetrahydrocortisone was found to 
make up 70 per cent of this latter fraction. 
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THYROID-ADRENOCORTICAL INTERRELATIONS: FAILURE TO 
DEMONSTRATE ANTAGONISM BETWEEN TRITODO- 
THYRONINE AND HYDROCORTISONE IN MAN? 


By KENNETH FREMONT-SMITH,? FRANK L. IBER,? anp IRVIN C. PLOUGH * 


(From the Department of Metabolism, Division of Medicine, Walter Reed Army Institute of 


It is generally accepted that acute injury re- 
sults in an outpouring of adrenocortical hormones ° 
(1, 2), and that these hormones play an important 
role in the response of the total organism to such 
injury. The marked increase in urinary nitrogen 
excretion which characteristically occurs immedi- 
ately following acute injury is usually considered 
to result from the catabolic action of the adreno- 
cortical hormones on protein metabolism (3). 
Supporting this concept are recent studies corre- 
lating the negative nitrogen balance following 
surgical trauma in man with the rise in 17-hy- 
droxysteroid excretion (4). 

The participation of the thyroid gland in the 
response to acute injury in man is less well deline- 
ated. Certain observations have suggested that 
there may be an increase in circulating thyroid 
hormone in man following trauma (5,6) ; other in- 
vestigators have been unable to confirm this finding 
(7, 8). The role of the thyroid is particularly 
difficult to evaluate following injury because the 
increased output of adrenocortical hormones may 
affect some of the methods used to assay thyroid 
function (9-11), and may also tend to inhibit 
thyroid activity (9, 11-14). 

Goldenberg, Lutwak, Rosenbaum, and Hayes 
(15) have recently proposed that the catabolic 
response to injury is due primarily to excess thy- 
roid hormone rather than adrenocortical hormones. 


1 Presented in part before the Eastern Section of the 
American Federation for Clinical Research, Philadelphia, 
Pennsylvania, December 2, 1955. 

2Formerly Captain, MC, USAR. Present Address: 
Mary Imogene Bassett Hospital, Cooperstown, New 
York. 

8 Formerly Captain, MC, USAR. Present Address: 
Johns Hopkins Hospital, Baltimore, Maryland. 

4Lt. Col., MC, USA. Present Address: Medical Nu- 
trition Laboratory, Fitzsimons Army Hospital, Denver, 
Colorado. 

5 Throughout this paper the term “adrenocortical hor- 
mones” is used to refer exclusively to the glucocorticoids. 
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They further postulate that the adrenocortical 
hormones are antagonistic to the effects of excess 
thyroid activity on protein metabolism. According 
to this thesis, the increased output of adrenocorti- 
cal hormones following acute injury tends to de- 
crease the catabolism and nitrogen-wasting caused 
by excess thyroid activity, and thus acts to restore 
nitrogen balance and homeostasis. The clinical 
observations and experimental evidence marshalled 
by Goldenberg et al. (15, 16) in support of this 
hypothesis, however, have appeared inconclusive 
to us as well as to others (17). We decided to de- 
termine directly whether large amounts of adreno- 
cortical and thyroid hormones are antagonistic in 
their metabolic effects in normal man. 
1-Triiodothyronine ® and hydrocortisone were 
selected as representative hormones of the thyroid 
and the adrenal cortex, respectively (18, 19). 
Each hormone was administered separately in 
large dosage, 1 mg. and 200 mg. daily by mouth, 
respectively, for three or four days to two normal 
human males (subjects Nos. 1 and 2); subse- 
quently, both hormones were administered simul- 
taneously at the same dosage as before. Evidence 
for mutual antagonism between the two hormones 
was sought in the nitrogen, potassium and sodium 
balances; urinary steroid excretion was also fol- 
lowed. A further study was carried out on a pa- 
tient who had undergone adrenalectomy for Cush- 
ing’s syndrome five months before and who re- 
peatedly failed to respond to adrenocorticotropic 
hormone postoperatively (subject No. 3). 


6 Kindly provided by Dr. Frederick K. Heath, Merck 
& Co., Inc., Rahway, New Jersey. 

7 This patient will be reported in detail elsewhere. A 
solitary left adrenal adenoma was removed at operation 
together with the atrophic left adrenal gland; no adrenal 
gland could be found on the right. Postoperatively he 
received maximal stimulation with ACTH on five sepa- 
rate occasions (four and three months before, and one, 
two and four months after the studies reported in this 
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BALANCE StuDIES IN SuByecT No. 1 (NorRMAL), CHARTERED AFTER REIFENSTEIN ET AL. (21) 


Equilibration periods not shown; no equilibration period obtained before the 1-triiodothyronine study. F = Hydro- 
cortisone Acetate (Compound F), 50 mg. orally every 6 hours; T =1-Triiodothyronine, 0.5 mg. orally every 12 


hours. 


METHODS 


Prolonged metabolic balance studies were conducted 
on the Metabolic Ward of Walter Reed Army Hospital. 
Balance procedures employed in this department have 
been described previously (20). Liquid diets, identical 
from day to day, were used throughout except for a two- 
day period during the study of subject No. 3 (see Re- 
sults). Diets for the two normal subjects were adequate 
in calories (50 Cal. per Kg.) and protein (1.3 and 1.5 
Gm. per Kg.) ; subject No. 3 was maintained on a diet 
adequate in protein (0.9 Gm. per Kg.) but inadequate in 
calories (10 Cal. per Kg.) because of residual obesity. 
Urine collection periods were 24 hours in duration with 
the exception of several 48-hour periods in the study of 
subject No. 3; completeness of urinary collections was 
checked by daily urinary creatinine determinations. Stool 


paper) for periods ranging from three to ten days. At 
no time did the urinary steroid excretion reveal any re- 


sponse whatsoever. We have been forced to conclude 
that the patient has no remaining adrenocortical tissue. 


collection periods were 72 or 96 hours in duration. The 
balance data are charted according to Reifenstein, Al- 
bright, and Wells (21) ; the zero line is constructed as the 
average of the control balance periods. Equilibration pe- 
riods of two to seven days’ duration (not shown in the 
figures) were obtained before each study of subjects Nos. 
1 and 2 with one exception.’ Subject No. 3 had been on 
the identical reducing diet for over a month at the time 
of the start of his study. 

Standard methods were employed for the chemical 
analyses (22). The urinary 17-ketosteroid determinations 
were made by a modification of the Zimmerman reaction 
(23) and the 17-hydroxysteroids by a modification (24) 
of the Porter-Silber method (25). 


RESULTS 


The results of the balance studies in the two nor- 
mal subjects are shown in Figures 1 and 2. In 


8 There was no equilibration period prior to the triiodo- 
thyronine study in subject No. 1. 
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each study, hydrocortisone had little effect on the 
nitrogen balance, whereas triiodothyronine re- 
sulted in a prolonged period of nitrogen loss in the 
urine. When both hormones were administered 
together, the resulting negative nitrogen balance 
was at least as great as that produced by the tri- 
iodothyronine alone (Table I). 

The balances of potassium and sodium showed 
the expected changes during hydrocortisone ad- 
ministration, but were not consistently affected by 
triiodothyronine. When both hormones were 
given simultaneously, the results were essentially 
the same as those observed with hydrocortisone 
alone. 

The excretion of urinary 17-hydroxysteroids 
increased as expected with each administration of 
hydrocortisone in both normal subjects. In sub- 
ject No. 1 there was no apparent change with 


F = Hydrocortisone Acetate (Compound F), 50 mg. orally every 6 hours; T= 


triiodothyronine administration, although obser- 
vations were not extended throughout the recovery 
period (Figure 1). Subject No. 2, however, 
showed a small but definite rise in 17-hydroxy- 
steroid excretion during the five days immediately 
following triiodothyronine administration, approx- 


TABLE I 


Cumulative negative nitrogen balance (Gm.) resulting 
from hormone administration 


Hydro- 
cortisone* 
and 
1-Triiodo- 


Hydro- 
thyroninet 


cortisone* 


1-Triiodo- 
thyroninet 


23.0 
73.4 


23.9 


Subject No. 1 10.0 
59.0 


Subject No. 2 5.4 


* 200 mg. daily. 
+ 1.0 mg. daily. 
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imately coinciding with the period of maximal ni- 
trogen excretion (Figure 2). This slight increase 
was also seen in t.’s subject during the recovery 
period following the simultaneous administration 
of both hormones. It appeared possible that tri- 
iodothyronine administration had resulted in an 
increased output of adrenocortical hormones in 
this subject; had this been the case, the negative 
nitrogen balance following triiodothyronine might 
have been due in part to adrenocortical stimulation. 
An alteration in peripheral utilization, degrada- 
tion or renal excretion of adrenal hormones pre- 
sented alternative possibilities. 

Subject No. 3 was studied with these questions 


4 4 4 
13 17 20 


. 3 (TotaL ADRENOCORTICAL INSUFFICIENCY ) 


F = Hydrocortisone Acetate, 10 mg. orally every 
ly every 12 hours. See foot-note number 10 for 


in mind. This patient was maintained throughout 
the study (and for one month previously) on hy- 
drocortisone ® alone, his only source, exogenous 
or endogenous, of glucocorticoids. When tri- 
iodothyronine was administered in the same dos- 
age as to the normal subjects, a period of negative 
nitrogen balance resulted entirely similar to that 
seen in the normal subjects (Figure 3) *° and was 


910 mg. every six hours by mouth. 

10 At the peak of the period of negative nitrogen bal- 
ance (72 hours after stopping triiodothyronine), there 
was such a marked increase in this patient’s sense of las- 
situde and fatigue that the balance study had to be dis- 
continued for 48 hours for morale purposes. Complete 
urinary collections for steroid determinations were con- 
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not accompanied by any significant change in 
steroid excretion. 


DISCUSSION 


The thesis proposed by Goldenberg et al., that 
adrenocortical hormones may have anabolic ac- 
tivity in the presence of increased thyroid hor- 
mone, deserves careful scrutiny. Both adreno- 
cortical hormones and thyroid hormone are usu- 
ally considered to have catabolic effects on protein 
metabolism when present in excess (27). If the 
concept under consideration were correct, it would 
prove that the effects of these two hormones at a 
cellular or enzyme level, hitherto thought to be 
independent, are instead closely interrelated. 

Goldenberg and .co-workers (15) have sub- 
mitted metabolic balance data following operative 
procedures and during the administration of desic- 
cated thyroid, propylthiouracil, ACTH, and adre- 
nocortical extract in various combinations (16) in 
support of their theory of thyroid-adrenocortical 
antagonism in man. Certain changes in urinary 
excretion of nitrogen and other metabolites have 
been interpreted as representing major and signifi- 
cant alterations in metabolism in accord with their 
concept. Scrutiny of the balance charts suggests 
to the present authors that these changes are often 
consistent with minor fluctuations in baseline of 
the type which plague all balance studies. In our 
opinion, their data as presented do not strongly 
support their thesis. 

The metabolic studies in the two normal sub- 
jects reported in this paper failed to show antag- 
onistic action between large doses of adrenocorti- 
cal hormone (hydrocortisone) and of thyroid 
hormone (triiodothyronine) by the criteria of ni- 
trogen, potassium and sodium balance. Simultane- 
ous administration of both hormones produced 
responses as great as those produced by either 
tinued, however. Physical examination provided no clue 
as to the cause of the patient's symptoms. Serum elec- 
trolytes were within normal limits. Recovery was com- 
plete within 12 hours on a free, solid diet without caloric 
restriction; no medications were administered. It is in- 
teresting that both normal subjects experienced similar 
symptoms, although not nearly so severe, at the height 
of the negative nitrogen balance. Conceivably hypo- 


magnesemia may have been responsible for these symp- 
toms (26); unfortunately serum magnesium determina- 
tions wert not made. 
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alone. The study done on the patient with com- 
plete adrenocortical insufficiency (subject No. 3) 
revealed that the protein catabolism caused by ex- 
cess triiodothyronine does not depend upon an in- 
creased output of adrenocortical hormones, and 
that the urinary excretion of exogenous hydro- 
cortisone is not grossly altered by triiodothyronine. 


SUMMARY AND CONCLUSIONS 


1. Studies designed to demonstrate antagonistic 
metabolic effects between large doses of hydro- 
cortisone and 1-triiodothyronine in two normal hu- 
man subjects have been negative with regard to 
nitrogen, potassium and sodium balance. Simul- 
taneous administration of both hormones produced 
responses as great as those produced by either 
alone. 

2. Studies on a patient without endogenous 
adrenocortical hormones revealed that: 

a. An increased output of adrenocortical hor- 
mones is not necessary for the protein catabolic 
response to large doses of 1-triiodothyronine. 

b. The rate of urinary excretion of exogenous 
hydrocortisone is uninfluenced by large doses of 
1-triiodothyronine. 
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ADDENDUM 


Since this paper was submitted for publication, sub- 
ject No. 3 received a sixth course of ACTH stimulation, 
ten months after completion of the studies reported in 
this paper. As with several of the previous courses of 
ACTH, he was maintained throughout the period of 
maximal stimulation on 2 mg. of 9-a-fluorohydrocortisone 
daily. For the first time there was a slight but definite 
response in the urinary excretion of 17-hydroxysteroids, 
from an average control value of 0.9 mg. per 24 hours 
to 3.7 mg. per 24 hours after five days of intravenous 
ACTH administration. Thus, contrary to our prior 
belief, this patient does have remaining viable adreno- 
cortical tissue; however, it was demonstrably impossible 
to elicit a response from this small adrenal remnant at 
the time of the studies herein reported. The premise 
that he was unable to elaborate endogenous glucocorti- 
coids at the time of the studies here reported would still 
appear valid. 
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THE INFLUENCE OF AUTONOMIC VASOREGULATORY REFLEXES 
ON THE RATE OF SODIUM AND WATER EXCRETION IN MAN 
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In man, the function of the autonomic nervous 
system has been studied in two principal ways: 1) 
by determining the physiologic effects of para- 
vertebral sympathectomy; and 2) by simulating 
or inhibiting the action of the autonomic nerves 
pharmacologically. In this study, a third approach 
has been used in an attempt to determine the role 
of the autonomic nervous system in physiologic 
processes. Studies were made of patients with 
marked autonomic hypofunction, manifested chiefly 
by orthostatic hypotension, diminished sweating 
and impotence. The patients studied had no other 
associated condition, such as generalized debility, 
Addison’s disease, diabetes mellitus, syphilis, amy- 
loidosis or somatic neurological disease, to which 
the autonomic dysfunction could be attributed. 
The disease process was very stable, changes oc- 


curring only over a period of several months or 


even years. In these patients it was found that 
the defect involved the parasympathetic as well as 
the sympathetic nervous systems (1). The cardio- 
vascular, gastrointestinal, genitourinary and ther- 
moregulatory systems were affected. 

The purpose of this report is to present the re- 
sults of studies of the hemodynamic and renal 
effects of acute changes in blood and extracellular 
fluid volume in these patients. 


DESCRIPTION OF PATIENTS 


Studies were performed in five patients and 
seven normal persons. A brief clinical description 
of three of the patients has been given in a previ- 
ous report (1). Two additional patients have 
been studied. Patient L. S. (NIH 01-27-85) was 
a 21-year-old college student. Twenty-seven 
months prior to admission, he developed general- 
ized weakness, anorexia and diarrhea. On stand- 
ing, he complained of dizziness and blurring of 
vision. He also noted a marked watery nasal and 
post-nasal discharge associated with nasal stuffi- 
ness. There was occasional excessive lacrimation 
and salivation with pain in the region of the pa- 


rotid and submaxillary salivary glands, aggravated 
by eating. For several months he was bedridden 
with postural hypotension so severe that he had 
difficulty sitting up in bed. Upon the arrival of 
summer, five months after the onset of his illness, 
he noted that he no longer sweated, in marked 
contrast to the increased sweat gland activity that 
he noted at the beginning of his illness. Impotence 
and impaired ejaculations were also noted at about 
the same time. In the first month of illness, he had 
difficulty in micturition and defecation. Early in 
his illness, he was found to have an elevated spinal 
fluid protein (99 mg. per cent) which gradually 
fell to normal in two months. There were no 
other spinal fluid abnormalities. Of possible sig- 
nificance is the fact that a slightly papular, ery- 
thematous, pruritic rash appeared over his trunk 
during the first month of his illness. 

After the first year of illness, the diarrhea, 
anorexia and postural symptoms improved some- 
what. At the time of admission to the National 
Institutes of Health, 27 months after the onset of 
symptoms, he complained of chronic diarrhea and 
extreme generalized weakness, in addition to 
blurring of vision and syncope on standing. Posi- 
tive physical findings were emaciation, slight pec- 
tus excavatum, and orthostatic hypotension. Gen- 
eral and neurological examination were otherwise 
normal. Urinalysis and hemogram were within 
normal limits. Spinal fluid examinations were 
normal. Urinary 17-ketosteroid and plasma hy- 
drocortisone levels were normal. 

Patient M. H. (NIH No. 01-36-95) was a 58- 
year-old retired mail carrier. At age 46 he no- 
ticed sudden loss of sweating over the entire body 
with the exception of the axillae. At the same 
tire he noted heat intolerance. Both have per- 
sisted essentially unchanged for the past 12 years. 
Eleven years ago he developed generalized weak- 
ness, aggravated by both erect posture and warm 
environmental temperatures. He had syncopal 
attacks associated with hyperventilation and clonic 
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Tue Errect oF RApip REMOVAL AND REPLACEMENT OF WHOLE BLOooD ON THE ARTERIAL 


PressuRE OF Two Patients WitH PosturAL Hypotension Durinc RECUMBENCY 


movements of the extremities without incontinence. 
For two to three years prior to admission, the 
weakness had become more pronounced. Nine 
years prior to admission he noted impaired ejacu- 
lation progressing to complete impotence during 
the subsequent four years. Two years before ad- 
mission he developed marked constipation to the 
extent that he has periods as long as five to seven 
days without bowel movements. The patient has 
not had diarrhea at any time during his illness. 
For the past two years, he has had urinary urgency 
and hesitancy. In July, 1947, the diagnosis of 
postural hypotension was made. At that time, his 
arterial pressure in the recumbent position was 
130/82, falling to 84/62 on standing. 

Positive physical findings were an arterial pres- 
sure of 180/110, falling to 72/54 on passive stand- 
ing. He appeared older than 58 years. The skin 
was extremely dry and flaky. Nasal septum was 
perforated. No other abnormalities of the general 


or neurological physical examination were present, 
except as related to autonomic nervous system 
function. Urinalysis and hemogram were within 
normal limits. Plasma hydrocortisone level and 
response to ACTH were normal. 

In all patients, graded passive tilting resulted in 
progressively lowered arterial pressure. In pa- 
tient L.S. a rise in pulse rate occurred simultane- 
ously. In patient M.H. no increase in pulse rate 
occurred with the fall in arterial pressure. 

Involvement of the sympathetic nervous system 
of these patients was indicated by the diminished 
sweating, postural hypotension and absence of hy- 
“overshoot” following Valsalva ma- 


Abnormalities of the parasympathetic 


pertensive 
neuver. 

nervous system were suggested by: 1) the failure 
of atropine to alter the pulse rate; 2) the absence 
of bradycardia during the administration of nor- 
epinephrine; 3) the lack of effect on the pulse 


rate and arterial pressure of carotid sinus massage ; 
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4) the inability to have erections; and 5) the fail- 
ure of hypoglycemia to produce an increase in 
gastric acidity.’ 


METHODS AND MATERIALS 


Brachial arterial pressures were measured by means 
of a sphygmomanometer. Mean arterial pressure was 
calculated as one-third of the pulse pressure plus diastolic 
pressure. In the studies in which whole blood was in- 
fused, mean pressure was recorded by means of a mer- 
cury manometer attached to an indwelling needle in the 
femoral artery. Glomerular filtration rate was meas- 
ured by means of the clearance of inulin (2). Urine was 
collected by means of an indwelling rubber urethral 
catheter. At the beginning and end of each collection 
period, the bladder was emptied with 40 ml. of air, un- 
less the urine flow was greater than 10 ml. per minute. 
The duration of the urine collection periods varied from 
10 to 60 minutes. Osmolal concentration of urine and 
plasma was determined by the method of freezing-point 
depression. Sodium and potassium were measured by 
internal standard flame photometry. The sodium-retain- 
ing steroid used was 2-methyl, 9-alpha fluorohydrocorti- 
sone (Upjohn) (3). Purified arginine vasopressin and 
Pitressin® (Parke-Davis) were also studied. 

All studies were performed with the patients re- 
cumbent throughout. They were begun at approximately 
9:00 A.M. Both patients and normal subjects were on 
an ad libitum diet prior to the studies. All subjects and 
patients were deprived of food and water for from 13 to 
16 hours prior to the studies of renal function. The ages 
of the control subjects ranged from 18 to 72 years; the 
patients, from 21 to 66. 


RESULTS 


I. Effect on arterial pressure of changes in plasma 
and extraceliular fluid (ECF) volume 


In previous studies of orthostatic hypotension, 
the inability of the patients to adjust their arterial 
pressure to postural changes has been emphasized. 
However, it can be demonstrated that the fall in 
arterial pressure that occurs in these patients when 
they assume an upright posture is merely a spe- 
cific manifestation of a general inability to keep 
arterial pressure constant in the presence of varia- 
tions in blood volume. 

Figure 1 illustrates the effect of rapidly remov- 
ing 500 milliliters of blood from each of two pa- 
tients. The patients were recumbent in these 
studies and in those to be described subsequently. 
As the blood was withdrawn, a marked fall in ar- 


1 Not all parasympathetic defects listed were present in 
all five patients. All sympathetic defects were present. 
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TABLE I 
Pressor response to acute hypervolemia 


Whole bloodt 67 116 
(500 ml.) 

Normal saline§ 85 108 
(3,000 ml. 

Albumint (50 Gm.) 64 101 
(200 ml.) 


* Average of pressures recorded every three minutes for 
one hour prior to the beginning of the infusion. 
¢t Mean of the pressures obtained every three minuest 
for one hour. 
Infused over a period of about 20 minutes. 
Infused over a period of 60 minutes. 


terial pressure occurred. When the blood was re- 
infused, the pressure returned to normal levels. 

In addition, in these patients arterial pressure 
increased markedly when blood volume or ECF 
volume was suddenly expanded. In Table I is 
shown the effect of the rapid infusion of whole 
blood,? normal saline and albumin on the arterial 
pressure of one patient during recumbency. A 
marked increase in arterial pressure occurred in 
each case. In all patients, except one, similar re- 
sults were obtained. The exception was the pa- 
tient M. H., who was hypertensive in the recum- 
bent position whenever studied. In this patient, 
the infusion of blood, saline or albumin did not 
significantly increase arterial pressure. In all pa- 
tients, if the arterial pressure was elevated to hy- 
pertensive levels by means of vasopressin or 
adrenal steroid administration prior to expansion 
of plasma or ECF volume, no further increase in 
arterial pressure occurred. For example, in Table 
II are shown the results of acute expansion of the 
ECF volume with saline during the course of 
chronic 2-methyl, 9-alpha fluorohydrocortisone ad- 
ministration. As a result of the methyl fluoro- 
hydrocortisone, the arterial pressure was elevated 
during the control periods. When saline was 
rapidly infused, no further significant increase in 
arterial pressure occurred. Similar results were 
obtained when the control arterial pressure was 
elevated with vasopressin prior to the saline in- 
fusion. 

In the normal subjects, the infusion of 3,000 ml. 


2 The whole blood administered was removed from the 
patient in small amounts in the week prior to its re- 
administration. 
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TABLE II 


Pressure response to acute hypervolemia during methyl 
fluorohydrocortisone administration * 


Control 
mean 
Patient 


B. B. 120 
L. S. 122 
M. 126 
L. 
B. 
H. 


Post-infusion 
mean 


Normal saline 
(3,000 ml.) 


118 


118 
131 


Albumin 
(50 Gm.) 


* Pressures were recorded as described in Table I. 


of saline did not significantly increase arterial 
pressure. The effect of whole blood was not stud- 
ied in normal subjects. 


II. Renal effects of the rapid administration of 
isotonic saline 
In addition to the abnormal hemodynamic re- 
sponse of these patients to expansion of extracel- 
lular fluid volume, there was a striking difference 
between these patients and normal persons in their 
ability to excrete both sodium and water in re- 


sponse to the administration of isotonic sodium 


chloride solutions (154 mEq. per L.). In seven 
normal persons and in four patients, food and wa- 
ter were withheld for 13 to 16 hours. Isotonic so- 
dium chloride solution was then administered at a 
rate of 50 ml. per minute for one hour. Table III 
summarizes the results of these studies. During 
the infusion of isotonic saline to the patients in 
the recumbent position, average urine flow was 23 
ml. per minute, ranging from 18 to 31 ml. per min- 
ute; sodium excretion during the hour’s infusion 
was 80.3 mEq. per hour, ranging from 45 to 128 
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mEq. per hour; and the average maximum rate of 
sodium excretion during the infusion was 2,500 mi- 
croequivalents per minute, ranging from 1,600 to 
4,000. In contrast, in the normal persons studied 
under similar conditions, corresponding values 
were 6.3 ml. per minute (range, 1.4 to 12.7) ; 14.9 
mEq. per hour (0.8 to 19.9); and 702 micro- 
equivalents per minute (220to 1,450). The ranges 
of these measurements did not overlap in the two 
groups of persons. Figure 2 (A, B) shows the re- 
sults of these experiments graphically. In part A, 
it may be seen that in the normal persons, a mode- 
rate increase in sodium excretion occurred in as- 
sociation with the infusion. In contrast, in part B 
it may be seen that in the four patients studied a 
marked and rapid increase in sodium excretion 
occurred, beginning during the period of the in- 
fusion. 

Figure 3 (A, B) shows the effect of the infusion 
of isotonic saline on the excretion of solute-free 
water in the two groups. Solute-free water 
(C20) is defined as the amount of water excreted 
per minute in excess of that required to produce 
an isosmotic urine. It is calculated by subtracting 
osmolal clearance (Cosy) from urine flow (V). 
It is positive in the case of urines that are hypo- 
tonic to plasma and negative in the case of hyper- 
tonic urines. 

In addition to the enhanced sodium excretion, 
in the patients there was a great increase in the 
excretion of solute-free water as isotonic saline 
was infused. In all patients the urine became 
hypotonic. In contrast, in Figure 3, part A, it may 
be seen that in normal persons the urine became 
hypotonic in only four persons and in none of the 
control persons was the increase in solute-free 
water as great as that observed in the patients. 


TABLE Ill 


Renal response to isotonic saline administration (3,000 ml.) in normal persons and patients with 
idiopathic postural hypotension 


Patients (four) Control subjects (seven) 


Range Mean Range 


Urine flow 
(ml./min.) 

Sodium excretion during the hour’s infusion 
(milliequivalents/hour) 

Average maximal sodium excretion 
(microequivalents/minute) 


18-31 1-13 


45-128 1-20 


1,600-4,000 


Mean 
23 
80 
2,500 702 220-1,450 
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4000 ~ 
NORMAL NORMAL 
SALINE PERSONS 
INFUSION 
3000} 
SODIUM 
EXCRETION 
Une V 
2000 
MICRO~ 
EQUIVALENTS q 
PER MINUTE 
1000 F q 
° 2s 80 7s 
TIME MINUTES) 
(A) 
4000 + + ~ 
PATIENTS 
SALINE 
INFUSION 
3000 + 4 
EXCRETION 
UneV 
2000 + 
MICRO= 
EQUIVALENTS 
PER MINUTE 
1000 + 
“80 ° 25 80 
TIME (MINUTES) 
(B) 


Fic. 2. THe Errect on Soprum ExcreETION OF THE 
INFUSION OF THREE LiTeERS oF Isorontc CHLORIDE 
Fottow1nc 13 to 16 Hours Foop AND WATER DEpRIVA- 
TION 

The persons were recumbent throughout the study. 
A refers to 7 normal subjects; B refers to identical 
studies in 4 persons with postural hypotension. 


III, Effect of vasopressin on the excretion of 
solute-free water 


The transition of the urine from hypertonic to 
hypotonic in association with the marked increase 
in sodium excretion was thought to be due to in- 
sufficient antidiuretic hormone (ADH) in the 
presence of an acutely rising sodium excretion (4). 
Accordingly, experiments were performed in which 
exogenous vasopressin was administered to sup- 
plement the endogenous ADH resulting from the 
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SALINE PERSONS 
INFUSION 
SOLUTE-FREE 
WATER HYPOTONIC 
CLEARANCE | 
«| 
HYPERTONIC 
2 23s 7s 100 2s 
TIME (MINUTES) 
(A) 
19 T T 
NORMAL PATIENTS 
HYPOTONIC 
so.uTe-Free 
WATER 
CLEARANCE 
ore 
4 
HYPERTONIC 
4 
TIME (MINUTES) 
(B) 


Fic. 3. Tue Errect on SoLute-FrREE WATER EXxcre- 
TION OF THE INFUSION OF THREE Liters or Isoronic So- 
pIUM CHLORIDE So_uTIONS FoLLow1nc 13 anv 16 Hours 
Water DEPRIVATION 


In figure A, the infusion ended at 60 minutes, not 75 
minutes. A, normal persons; B, patients with orthostatic 
hypotension. 


13 to 16 hour water deprivation. An example of 
such a study is seen in Figure 4. In this patient, 
food and water were withheld for 13 hours. De- 
hydration and the associated endogenous ADH re- 
lease resulted in the formation of hypertonic urines. 
As solute excretion then increased acutely during 
the infusion of isotonic saline, the urine became 
hypotonic and solute-free water clearance became 
positive. On another day (lower line on Figure 
4), the experiment was repeated, but 5 milliunits 
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PATIENT 6.8. 
(@RTHOSTATIC HYPOTENSION) 


i 


20 
Cosm ML./MINUTE 


Fic. 4. THe ReLationsHip Betwe=n URINE FLow 
AND SoLuTE Excretion DuriING THE INFUSION OF Nor- 
MAL SALINE SOLUTIONS IN A Patient WiTH PostTuRAL 
Hypotension 

The upper line was obtained after 13 to 16 hours water 
deprivation. The lower line illustrates the relationship 
during the administration of additional exogenous vaso- 
pressin under similar conditions. 


per kilo per hour of vasopressin were administered 
throughout. Despite the rapid increase in sodium 
excretion, the urine remained hypertonic to 
plasma. 


METHYL FLUORO 


TIME MINUTES 

Fic. 5. Tue Errect on Soprum EXCRETION OF THE 

Inrusion oF 3,000 ML. or Isoronic SopruM CHLORIDE 

SoLtutions DurInG THE CHRONIC ADMINISTRATION OF 

2-MeETHYL, 9-ALPHA FLUOROHYDROCORTISONE TO PATIENT 
Wrrs Ortsostatic HyPporension 


IV. Effect of adrenal sodium-retaining steroids 
on the enhanced sodium excretion 


The enhanced sodium excretion that occurred 
when isotonic saline was infused could not be 
prevented by the chronic administration of 0.5 mg. 
per day of 2-methyl, 9-alpha fluorohydrocortisone 
by mouth, or by the acute administration of 1 mi- 
crogram per minute intravenously. In Figure 5 
are shown the results of the infusion of isotonic 
saline during the chronic * administration of 2- 
methyl, 9-alpha fluorohydrocortisone. It can be 
seen that the sodium excretion in these studies 
averaged 120 mEq. per hour during the infusion, 
as compared to 80 mEq. per hour in the same pa- 
tients when the experiments were performed with- 
out methyl fluorohydrocortisone. The failure of 
methyl fluorohydrocortisone to prevent the sodium 
excretion was interpreted as making it unlikely 
that the enhanced sodium excretion in the patients 
during ECF expansion was due to decreased al- 
dosterone activity. 


V. Effect of rapid saline infusion on glomerular 
filtration rate (GFR) 


In the patients, the increase in glomerular filtra- 
tion rate during the saline infusion ranged from 
19 to 63 per cent. In the control subjects, the in- 
crease in GFR ranged from — 15 to 12 per cent. 


TABLE IV 
Glomerular filtration rate in patients with orthostatic hypo- 
tension and in control subjects before and after the 
rapid infusion of 3,000 ml. of isotonic 
sodium chloride* 


Mean of 
periods 
during 


infusion Range 


79-98 

90-109 

96-110 
145-196 


76-83 
125-140 
132-168 
103-134 
151-170 


103-121 
140-155 


* Inulin clearance determinations were performed in only 
five of the seven control subjects. 


8 At least three weeks of continuous administration 
prior to the acute study. 
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TABLE V 


Effect of sodium chloride infusions on urine flow and glomerular filtration rate in normal persons and in 
patients with orthostatic hypotension 


L 
Cis 


Cin 


15.2 
8 
125 
12.0 
9 
173 


* = Patient with orthostatic hypotension. 


t V = Urine flow (ml. per minute); L = Length of period in minutes; Cin = Inulin clearance. 


The results are‘summarized in Table IV. In both 
the patients and the control subjects, errors oc- 
curred in the estimation of glomerular filtration 
rate as a result of the changing urine flows and 
associated dead space and “‘wash out” errors. To 
enable an evaluation of the data Table V lists the 
urine flow, length of collection period and inulin 
clearance for the individual studies. During the 
collection periods when urine flow was not chang- 
ing markedly from one period to the next, it was 
believed that the glomerular filtration rate was ac- 
curately determined. A detailed protocol from 
one of the studies of a patient with orthostatic 
hypotension is presented in Table VI. 

In the patients, the enhanced excretion of so- 
dium might be attributed to the greater and more 
rapid elevation of the GFR associated with ECF 
expansion. In the normal persons the moderate 


increase in sodium excretion could also be cor- 
related with the change of GFR. It does not nec- — 
essarily follow that the increase in sodium excre- 
tion is due to the increase in GFR. It is also pos- 
sible that tubular function per se is subject to 
nervous influences. 


DISCUSSION 


A previous study indicated that patients with 
hypofunction of the autonomic nervous system 
have an increased sensitivity to vasoactive sub- 
stances of diverse types, both pressor and de- 
pressor (1). For example, vasopressin and nor- 
epinephrine caused marked hypertension, and oxy- 
tocin and nitroglycerine marked hypotension. The 
wide spectrum of vasoactive substance to which 
these patients respond suggests that the increased 
sensitivity results from the absence of vasoregu- 
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B, B.* Vt 07 09 O7 34 256 314 362 260 17.5 105 60 5.2 es 
M. H.* Vv 07 095 2.0 8&7 174 184 166 15.8 13.9 
Cis 101 109 104 90 97 102 120 
| H.C.* Vv 10 09 23 97 223 23.7 160 82 = 
Cis 91 87 106 110 110 96 107 ae. 
| Ce 142 134. 143-170 176 196 169 145 
Cis 120 128 125 135 140 140 
R.S. Vv 08 04 04 10 29 34 40 i 
129 132 133 168 167 132 134 
7 121 103 103 103 115 134 125 125 ss 
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TABLE VI 
Effect of isotonic sodium chloride infusion on renal function in orthostatic hypotension * 


Arterial 


Naconc. UVnat 


Cosm** 


oO 
+ 


UVosm|| 


126/90 
: 130/90 
0.9 128/88 

3.4 
12.8 
25.6 
31.4 


156/96 
156/96 
154/100 
150/94 


96 


End isotonic sodium chloride infusion 
36.2 44/90 98 112 


Begin isotonic sodium chloride infusion at 56. ml. per minute 


Come 


dS 


COPE RW 


* Patient B.B. Time: 8:40, Inulin prime; then 20 mg. per minute inulin infusion in 5 per cent glucose at 1 ml 


per minute. 
Inulin clearance. 


Sodium and potassium excretion in microequivalents per minute. 


Urine osmolality. 

Total solute excretion in microosmoles per minute. 
** Clearance of total solute. 
tt Solute-free water clearance. 


latory reflexes. In normal man, these reflexes 
compensate for changes in arterial pressure from 
any cause and maintain arterial pressure within 
narrow homeostatic limits. 

Thus, in normal man, expansion of extracellular 
fluid volume with saline did not result in sig- 
nificant alteration of arterial pressure. In con- 
trast, volume changes in the patients with deficient 
autonomic reflexes resulted in profound changes 
in arterial pressure, showing that the patients 
lack the ability to maintain circulatory homeo- 
stasis. 

In association with the lability of the arterial 
pressure, these patients have a labile glomerular 
filtration rate. Passive tilting from a recumbent 
to an upright posture resulted in a marked fall 
in glomerular filtration rate and decreased sodium 
excretion. On the other hand, rapid expansion 
of the extracellular fluid volume resulted in an 
enhanced sodium excretion in these patients when 
compared to normal persons. In the patients the 
increased rate of excretion could be attributed to a 
rapid increase in glomerular filtration rate. 

The actual level of the arterial pressure could 
not be correlated with the change in GFR and so- 
dium excretion. This was demonstrated in the 
studies in which saline was infused during the hy- 


pertensive state associated with methyl fluorohy- 
drocortisone administration: Despite the lack of 
any further increase in arterial pressure, the GFR 
and sodium excretion increased markedly. 

The hemodynamic and renal responses of these 
patients to saline administration are analogous to 
those observed in dogs. The dog has less well- 
developed autonomic vasoregulatory reflexes than 
man, consistent with a quadrapedal as compared 
to a bipedal habitus (5). The dog, as well as 
other quadrapeds studied, has a labile glomerular 
filtration rate and consequently is able to excrete 
rapidly large quantities of exogenously adminis- 
tered salt (6,7). In normal man, the response of 
the GFR to intravenously administered salt is less 
than that observed in the dog. For example, 
Crawford and Ludemann (8) found that isotonic 
saline administered at rates as high as 56 ml. per 
minute increased the GFR by more than 10 per 
cent in only 4 of 29 subjects studied. In the pres- 
ent study, in none of the control subjects was the 
magnitude of increase in GFR as great as that 
observed in the patients. Furthermore, within 
the control group, the variations in sodium excre- 
tion in response to saline administration could be 
correlated with the change in GFR. 

To what is the relative stability of the glomeru- 
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Time volume pressure Ciat Kconc. UVxt 
ml./min. ml./min. mEq./L. mEq./L. mOs./L. 

9:40 56 146 102 1 - i 

9:50 57 148 134 1 - 
10:00 - 
10:01 
10:20 - 
10:30 96 110 1,410 
10:40 || 105 2,660 
10:56 90 111 3,450 

10:56 
11:00 4,040 
11:10 xi) 138/83 1 2,730 
11:20 17.5 138/94 74 101 1,770 
11:30 10.5 144/94 65 114 1,200 
11:50 6.0 144/94 72 168 1,050 — 
12:00 5.2 144/94 71 176 916 - 
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lar filtration rate in man attributable? It seems 
possible that the presence of autonomic vasoregu- 
latory reflexes functioning to maintain circulatory 
homeostasis may result in normal man’s relative 
inability to increase his glomerular filtration rate 
rapidly and thereby excrete excesses of salt. 
This hypothesis is supported by the finding that 
persons with absent vasoregulatory reflexes have a 
labile filtration rate and an enhanced ability to ex- 
crete salt rapidly. Further studies are in progress 
to test this hypothesis in normal man during 
ganglionic blockade. 


SUMMARY 


1. Patients with idiopathic hypofunction of the 
autonomic nervous system, manifested by pos- 
tural hypotension, hypohidrosis and impotence, 
have been found to have an enhanced ability to 
excrete sodium and solute-free water in response 
to the rapid infusion of isotonic saline. 

2. The augmented solute-free water excretion 
could be prevented by the administration of 
vasopressin. 

3. The sodium excretion was not prevented by 
the administration of sodium-retaining adrenal 
steroids. 

4. The enhanced sodium excretion was asso- 
ciated with acute elevation of glomerular filtration 
rate associated with ECF expansion. 

5. In addition, acute expansion or depletion 
of blood or extracellular fluid volume in these pa- 
tients resulted in profound changes in arterial 
pressure, indicating a lack of ability to maintain 
circulatory homeostasis. 

6. The experiments suggest that the presence 
of well-developed autonomic vasoregulatory re- 
flexes functioning to maintain circulatory homeo- 
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stasis may result in man’s relative inability to 
rapidly increase his glomerular filtration rate and 
thereby rapidly excrete excesses of salt. 
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Mucopolysaccharide which contains uronic acid 
has recently been described in normal plasma (1, 
2). A method for the quantitation of plasma acid 
mucopolysaccharide was described by Badin, Schu- 
bert and Vouras (1), based on the observation 
that chondroitin sulfate added to plasma is found 
in euglobulin precipitates (3). These authors 
reported an increased amount of acid mucopoly- 
saccharide in the plasma of 10 patients with rheu- 
matoid arthritis (1). 

The study of acid mucopolysaccharides in blood 
which are chemically related to those of connective 
tissue might reveal information of interest con- 
cerning the diseases which primarily affect con- 
nective tissue. Accordingly, a relatively practical 
method was devised for measurement of the uronic 
acid-containing polysaccharide in the presence of 
large amounts of protein, and studies of the nature 
of the mucopolysaccharides present in blood were 
undertaken. Observations made on plasma and 
serum from normal adults are reported. 


METHODS 


Quantitation of total uronic acid-containing muco- 
polysaccharide. The method which was devised for this 
purpose is based on the method of Badin, Schubert, and 
Vouras (1), with several modifications. The procedure 
is as follows: 


1. Five 10-ml. samples of plasma or serum were dia- 
lyzed for 72 hours at 4° C. against 0.0063 M acid-phos- 
phate buffer of pH 5.8, to precipitate the euglobulins. 

2. The contents of the dialysis bag were diluted with 
1.5 volumes of citric-phosphate buffer, the precipitate 
centrifuged, and the supernatant decanted. The precipi- 
tate was dissolved in 10 ml. 0.14 M NaCl in 0.02 M 
NaOH. 

3. Three ml. of 1.7 M perchloric acid was then added 
slowly with constant agitation by a magnetic stirrer. 
After about 30 minutes, the precipitate was removed by 


1 This investigation was supported by grants from the 
Michigan Chapter of the Arthritis and Rheumatism 
Foundation and the Research and Education Corporation 
of Detroit Receiving Hospital. 

2 Markle Scholar in the Medical Sciences. 


filtration through Whatman No. 5 paper, and a 10-ml. ali- 
quot of the filtrate was dialyzed against running cold 
tap water overnight. 

4. Two-tenths ml. of 1 per cent protamine sulfate was 
added to the dialyzed material. After 30 minutes in 
the cold, the precipitate was centrifuged. 

5. The precipitate was dissolved in 2.2 ml. of 2 M ace- 
tate buffer of pH 5.0 with slight warming, and 1.0-ml. 
aliquots were used for duplicate uronic acid determina- 
tions using the carbazole method of Dische (4). The 
optical density of each tube was read after heating with 
sulfuric acid and again 2 hours after adding carbazole; 
the initial nonspecific color was then subtracted from 
the final reading. 


Paper chromatography. An attempt was made to 
identify the uronic acid-containing mucopolysaccharides 
by paper chromatography. The dialyzed material ob- 
tained after Step 3 was brought to dryness by lyophiliza- 
tion, dissolved in approximately 0.4 ml. of water, and ap- 
plied as a spot to Whatman No. 1 paper. Ascending 
chromatography was done in two solvent systems: 1) 
ethanol, 52 ml. plus 48 ml. of 0.06 M phosphate buffer of 
pH 6.6, and 2) propanol, 37 ml. plus 63 ml. of 0.06 M 
phosphate buffer of pH 6.6, according to the procedure of 
Kerby (5). After 42 hours, the chromatograms were 
dried in air, then fixed in 20 per cent formaldehyde in 
ethanol fcr 15 minutes, immersed in ether and dried in air. 
The fixed chromatograms were sprayed with recrystallized 
toluidine blue solution (40 mg. toluidine blue in 80 ml. 
acetone and 20 ml. H,O), rinsed in 2 per cent acetic acid 
and then distilled water. The staining procedure was a 
modification of that of Hamerman (6). For chemical 
determinations, the material obtained from 40 to 80 ml. 
of normal human plasma was lyophilized and then ap- 
plied to paper as a six-inch band. After 42 hours, one 
edge of the paper chromatogram was cut off and stained 
as a marker, and the corresponding areas containing 
mucopolysaccharide were eluted from the paper with 
water. The precipitate obtained following the addition of 
0.2 ml. of protamine sulfate to each eluate was divided; 
part was analyzed for its content of uronic acid as de- 
scribed. An aliquot was taken for the determination of 
hexosamine by the method of Boas (7). A paper con- 
trol was eluted and subjected to the same procedure. 

Effect of hyaluronidase. The effect of hyaluronidase on 
the uronic acid containing mucopolysaccharides was de- 
termined by adding, to the dialyzed material obtained 
after Step 3, 200 turbidity reducing units of testicular 
hyaluronidase (Wyeth Corp.), plus acetate buffer of pH 
6.0 and NaCl to a final concentration of 0.1 M acetate 
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TABLE I 


Recovery of hyaluronic acid and chondroitin sulfate added 
to 10-ml. samples of normal plasma 


Amount of 
added 


Amount of 
added 


chondroitin 


hyaluronic 
i sulfate 


ue. 


Average 


and 0.15 M NaCl. After incubation at 37° C. for 3 hours, 
perchloric acid was added, the precipitate removed and 
the supernatant material dialyzed against tap water for 
15 hours. For chromatography, dialyzed material was 
lyophilized, dissolved in 0.3 ml. of water and applied 
to paper. For quantitation, the dialyzed material was then 
treated as in Steps 4 and 5. 

Determination of the relative amounts of glucosamine 
and galactosamine was done by the method of Rose- 
man and Daffner (8) and analyses for hexose were done 
by the anthrone method of Kapuscinski and Zak (9), 
using a standard containing equal parts of galactose and 
mannose. 


RESULTS 
Evaluation of the quantitative method 


In order to determine if the method described 
above allows the detection of small amounts of 
acid mucopolysaccharide in the presence of large 
amounts of protein, varying quantities of hyalu- 
ronic acid prepared from cock’s comb by the 
method of Boas (10) and commercial chondroitin 
sulfate were added to normal plasma. Recover- 
ies of these substances (Table I) varied between 
77.5 and 100 per cent, averaging 88.1 per cent. 

The absorption spectrum between 420 mp and 
620 my after the addition of carbazole to the ma- 
terial obtained from plasma was identical with 
that of pure glucuronolactone. Protamine gave no 
color with the reagents used in the uronic acid de- 
termination and did not interfere with the color 
development in the reaction. Replicate determina- 
tions done on plasma obtained from normal indi- 
viduals and carried through the entire procedure 


Hyoluroni Normal 
Serum 
Normol 


Sulfote Plosmo 


DraGRAM OF FILTER PAPER CHROMATOGRAM 
ETHANOL-PHOs- 


Fie. 1. 
oF NorMAL PLASMA AND SERUM IN 
PHATE SYSTEM 


revealed an error of about 6 to 9 per cent. An- 
throne determinations done on the protamine pre- 
cipitate obtained from plasma by the above pro- 
cedure revealed the presence of hexose. Although 
there was insufficient protein to give appreciable 
color with the sulfuric acid alone, the hexose pres- 
ent gave some color with the carbazole. At 520 
my, however, hexoses (glucose, galactose and 
mannose) give relatively little color and it was 
calculated that the hexose present did not ac- 
count for more than 10 per cent of the increase in 
color following addition of carbazole. 


Nature of mucopolysaccharides found in normal 
plasma 


The method used established that the material 
being measured was non-dialyzable, precipitated 
with the euglobulins under the conditions men- 
tioned, was soluble in perchloric acid and was 
precipitated by protamine. It was found to con- 
tain uronic acid. 

Following incubation with hyaluronidase, uronic 
acid could not be demonstrated in the small amount 
of precipitate which appeared after addition of 
protamine. 

Filter paper chromatography revealed two 
components staining metachromatically with tolu- 
idine blue. Figure 1 shows the results of paper 
chromatography in solvent 1 (ethanol-phosphate ). 
Of the polysaccharides tested, only chondroitin 
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sulfate (commercial as well as material prepared 
from bovine nasal septum by the method of Meyer 
and Smyth [11]) was found to move from the 
origin in this solvent system. Samples of com- 


mercial heparin, $-heparin (chondroitin-sulfate 
B), and samples of hyaluronic acid (prepared 
from umbilical cord, cock’s comb, vitreous humor 


and synovial fluid) did not move. The material 
prepared from plasma was found to give one spot 
near the solvent front, with an Rf value close to 
that of chondroitin sulfate (this will henceforth 
be referred to as component I), and a second spot 
at the origin. 

Figure 2 shows the results of chromatography 
in solvent 2 (propanol-phosphate). In this sol- 
vent system, samples of chondroitin sulfate moved 
close behind the solvent front, while heparin and 
B-heparin moved slightly slower. All samples of 
hyaluronic acid tested remained at the origin. The 
material obtained from plasma showed no sig- 
nificant amount of staining at the origin, and 
therefore the component which stayed near the 
origin in solvent 1 moved in solvent 2; it will 
henceforth be referred to as component IT. 

Chromatography after treatment of the material 
obtained from plasma with hyaluronidase failed 
to reveal any metachromatic staining material in 
either solvent system, although some non-meta- 
chromatic material could be seen faintly at the 


origin in ethanol-phosphate and near the solvent 
front in propanol-phosphate. 

_Hexosamine to uronic acid molar ratios were 
determined on the protamine precipitates of Step 4 
and of eluates from paper chromatograms. The 
protamine precipitates of Step 4 were found to 
have an average hexosamine: uronic acid ratio of 
1.3:1. The eluates from the ethanol-phosphate 
system, which separated the two metachromatic 
components, revealed hexosamine: uronic acid 
ratios of 1.1: 1 in the area of component I. The 
ratio at the origin, corresponding to the area of 
component II, was 1.5:1. These values were cal- 
culated after a correction was made for the blank 
obtained by elution of control samples of paper 
treated in the same fashion. 

The hexosamine in the protamine precipitate of 

Step 4 was found to be 72 per cent galactosamine 
and 28 per cent glucosamine. 


Level of acid mucopolysaccharide in normal serum 


The acid mucopolysaccharide levels of serum 
from 34 normal adults, obtained at the time of 
blood donations and from laboratory personnel, 
revealed uronic acid contents ranging between 215 
and 385 wg. per 100 ml. (Table Il) measured as 
glucuronic acid. The mean level was 277 yg. per 
100 ml., with a standard deviation of + 42 yg. per 
100 ml. There was no apparent difference be- 
tween the levels found in males and females, in the 
individuals studied. No significant change with 
age was found in the range between 18 and 52 
years, 

Serum samples taken after 12 hours fasting and 
one hour postprandial from six chronically ill 
hospitalized patients with varying initial levels 
showed an average fall of 7.5 per cent in the con- 
centration of acid mucopolysaccharide after eat- 
ing. This was not considered to be significant. 


DISCUSSION 


The method described for the quantitative de- 
termination of uronic acid containing mucopoly- 
saccharide in serum is essentially a modification of 
the method of Badin, Schubert, and Vouras (1). 
Considerably less starting material is used, and 
digestion of euglobulin precipitate for three days 
with pepsin and then three days with trypsin is 
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omitted, since it was found that perchloric acid 
removed a sufficient proportion of protein from 
the euglobulin solution without loss of uronate- 
containing polysaccharide. A step involving pre- 
cipitation in alcohol and ether for 48 hours was 
also found to be unnecessary. Protamine sulfate 
is used in place of lyzozyme to precipitate the poly- 
saccharide, since it gives quantitative recoveries of 
hyaluronic acid, chondroitin sulfate and heparin, 
and is a simple protein of known amino acid com- 
position which contains no neutral sugar or hex- 
osamine to complicate chemical analyses of the pre- 
cipitate. Since the protamine does not affect the 
uronic acid determination, internal standards and 
correction factors are not necessary. 

An attempt was made to avoid dialysis after 
precipitation with perchloric acid, by removing 
the perchloric acid with potassium hydroxide. 
Although the pH of the supernatant was adjusted 
to that found after dialysis (7.35), quantitative 
recovery of polysaccharides could not be obtained. 

Badin, Schubert, and Vouras (1) found the 
uronic acid content of the mucopolysaccharide iso- 
lated from plasma of seven normal adults by 
their method to range between 153 and 281 yg. per 
cent, averaging 206 wg. per cent. This is lower 
than the range which we found in serum, but one 
possible explanation is that the extra steps in 
their method might have resulted in some loss. 

The present study does not allow definite con- 
clusions to be drawn as to the nature of the two 
components found in normal serum. The fact that 
no uronic acid containing polysaccharide was re- 
covered after treatment with testicular hyaluroni- 
dase suggests a relationship to the acid mucopoly- 
saccharides of connective tissue. Component I 
had chromatographic characteristics resembling 
chondroitin sulfate prepared from cartilage and 
presumably could have been chondroitin sulfate 
A or C, or a mixture of the two. It is of interest 
that Schiller and Dewey (2) have isolated a com- 
ponent from normal plasma by alcohol precipita- 
tion after enzyme digestion and trichloracetic acid 
precipitation of the proteins and identified it as 
chondroitin sulfate A (12). Component II had 
chromatographic characteristics resembling he- 
parin and beta-heparin (chondroitin sulfate B) 
but differed from those substances in that it was 
digested by testicular hyaluronidase. Most of the 
hexosamine in the protamine precipitates was 
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TABLE II 


Serum acid mucopolysaccharide levels, measured as 
uronic acid, in normal adults 


Uronic Uronic 
Age Sex acid Age Sex acid 
us. ue. %o 
18 M 219 30 M 268 
20 M 234 30 M 265 
20 F 256 31 F 273 
22 M 279 31 M 248 
23 F 324 31 M 251 
23 M 324 34 M 385 
23 F 282 35 F 351 
25 M 246 37 M 288 
26 M 271 38 M 330 
26 M 259 41 M 277 
26 M 247 42 M 330 
26 F 247 42 M 275 
27 M 215 42 F 275 
27 M 290 44 M 222 
27 M 241 48 M 352 
28 M 253 51 M 223 
28 M 281 52 M 346 


found to be galactosamine, suggesting that both 
components contain that substance, but further 
study of the nature of component II will be nec- 
essary to establish its identity. 

In view of the presence in serum of polysaccha- 
rides containing components and characteristics 
found in polysaccharides of connective tissue, de- 
termination of the serum levels and of the quali- 
tative nature of the material present in various 
clinical states might reveal information of interest 
concerning the diseases which primarily affect con- 
nective tissue. 


SUMMARY 


1. Polysaccharide containing uronic acid and 
hexosamine can be isolated from 5- to 10-ml. quan- 
tities of plasma or serum by a method suitable for 
quantitation. 

2. This material contains two components on 
filter paper chromatography which stain meta- 
chromatically with toluidine blue. The chromato- 
graphic characteristics of one resembles that of 
samples of chondroitin sulfate, and the other re- 
sembles heparin and beta-heparin, but both com- 
ponents are labile to testicular hyaluronidase. 

3. No material with the chromatographic mo- 
bility of hyaluronic acid could be found in samples 
of normal plasma. 

4. Sera of 34 normal adults had an average level 
of mucopolysaccharide of 277 yg. per cent, meas- 
ured as glucuronic acid. 
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THYROXINE-BINDING BY SERUM AND URINE PROTEINS IN 
NEPHROSIS. QUALITATIVE ASPECTS * 


By JACOB ROBBINS, J. E. RALL, ano MARY L. PETERMANN ? 


(From the National Institute of Arthritis and Metabolic Diseases, National Institutes of Health, 
Bethesda, Maryland, and The Sloan-Kettering Institute for Cancer Research, 


The occurrence of hypercholesterolemia, lowered 
basal metabolic rate and depressed serum protein- 
bound iodine in the nephrotic syndrome has di- 
rected attention to the thyroid gland in this dis- 
order. Although hypothyroidism has been sus- 
pected, these patients are usually considered, on 
clinical grounds, to be euthyroid, and they fail 
to respond in a specific manner to even large doses 
of thyroid hormone (1-3). Since the thyroid 
gland itself appears to be functioning normally, or 
even excessively, with respect to iodine accumula- 
tion (4), and responds in a normal fashion to 
thyrotropin and exogenous thyroxine (5), pos- 
sible disorders in the peripheral metabolism of 
thyroid hormone have been investigated. Recant 
and Riggs (5) have suggested that the loss of 
hormonal iodine in the urine, although consider- 
able, is insufficient to explain the low serum io- 
dine concentration. These investigators demon- 
strated a normal degradation rate for exogenous 
thyroxine, whereas Rasmussen (6) found a lower 
than normal amount degraded each day. 

Inasmuch as the circulating thyroid hormone 
is almost entirely bound to serum protein (7), 
and since the protein components of serum are 
extensively altered in nephrosis, a possible de- 
fect in this aspect of thyroid physiology has been 
suspected (5). <A preliminary report from our 
laboratory (8), as well as one by Recant (9), has 
suggested the presence of a qualitatively abnormal 
thyroxine-protein complex in nephrotic serum. 
The data presented in this report, however, indi- 
cate that in the nephrotic state, the serum proteins 
which interact with thyroxine are normal from a 
physical standpoint. 


1 Presented in part at the Laurentian Hormone Con- 
ference, Mont Tremblant, Canada, 1956. 

2 Supported by a grant from the National Cancer In- 
stitute of the United States Public Health Service, No. 


C-471. 


New York, N. Y.) 
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MATERIALS AND METHODS 


Serum was obtained in the fasting state from 11 pa- 
tients with the nephrotic syndrome.? Urine was obtained 
from two patients. Clinical and laboratory data for these 
patients are listed in Table I. 

Mixtures of serum (or concentrated urine, cf. below) 
and labeled L-thyroxine* were prepared by adding se- 
rum to the appropriate quantity of thyroxine previously 
dried in vacuo (10), and were equilibrated for at least 
15 hours at 4° C. Radiochemical purity was assessed 
by chromatography. The thyroxine was repurified, when 
necessary, to a purity of 90 per cent or greater before 
addition of serum (11). The final concentration of thy- 
roxine was determined by iodine analysis of the serum 
(or urine) and of the thyroxine solution, corrected for 
losses during preparation of the mixture. Iodine analyses 
were performed by modification of the Barker (12) or 
Zak, Willard, Myers, and Boyle (13) 5 procedures. A 
total of 52 serum mixtures and 9 urine mixtures were 
prepared, in which the concentration of added thyroxine 
varied from 0.009 to 6.3 ug. per ml. 

Zone electrophoresis in horizontally suspended paper 
strips was carried out by the conventional or reverse- 
flow technique (11) in barbital buffer, pH 8.6, ionic 
strength 0.1. Radioactivity on the paper strips was 
measured with a continuously-recording, counting rate 
meter and an end-window Geiger-Mueller tube. The 
width of the counting aperture was % inch or \4 inch. 

Moving boundary electrophoresis in acetate-chloride 
buffer at pH 4.5 was carried out as described earlier (14), 
except that a lower voltage (about 4 volts per cm.) and 
a longer time (about 8 hours) were used to avoid con- 
vective disturbances in the lipoprotein boundaries. Ultra- 
centrifugation, employing a partition cell, was performed 
according to techniques reported elsewhere (15). 

In one patient (Case No. 7), 22 ug. of L-thyroxine la- 
beled with 1.0 mc. of I and dissolved in 50 per cent 


8 These sera were generously supplied by Dr. Lee Farr 
from patients hospitalized at the Brookhaven National 
Laboratory, Upton, New York, and by Drs. Hans Keitel, 
James Baxter and Howard Goodman from patients in 
the National Heart Institute, National Institutes of 
Health, Bethesda, Maryland. 

+ L-thyroxine labeled with I was obtained from Ab- 
bott Laboratories, Oak Ridge, Tennessee. 

5 Performed by J. Benotti, Boston Medical Laboratory, 
Boston, Mass. 
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TABLE I 
Clinical and laboratory data on patients with the nephrotic syndrome 


Diagnosis 


Serum levels 


Protein- 
Total bound 
protein Albumin Cholesterol iodine 


Idiopathic 
Idiopathic 
Hodgkin's disease 
Idiopathic 


Idiopathic 

Idiopathic 

Disseminated lupus 
erythematosisf{ 

Primary amyloidosist 


Idiopathict 
Disseminated lupus 
erythematosist 

Idiopathic 


7 


us. % 


0.4 
At 

5 

7 


Gm. % 


AR 


0 
2 
| 
6 
8 
A 
4 


NH OF 


*“A" and “B” refer to sera obtained at different times from these patients. 


Receiving Lugol's solution. 
t Receiving metacorten. 


propylene glycol was injected intravenously. Serum and 
urine specimens were collected at intervals following 
the injection. In addition to electrophoretic analysis, the 
urinary radioiodine was subjected to analysis by the fol- 
lowing procedures in a manner similar to that employed 
with serum: paper chromatography with n-butanol: 
dioxane (4:1) equilibrated with 2N NH,OH, extrac- 
tion with n-butanol (16), salting out with phosphate 
buffer (17), and dialysis against large volumes of 0.85 
per cent NaCl. Prior to electrophoresis, the urinary pro- 
teins were concentrated three- to six-fold by dialysis 
against a 25 per cent solution of polyvinyl pyrrolidone in 
barbital buffer. This patient’s serum and urine were 
also used for in vitro thyroxine experiments. 


RESULTS AND DISCUSSION 


The results with the thyroxine-serum mixtures 
may be considered in two categories: those in 
which most of the thyroxine is associated with the 
specific thyroxine-binding alpha globulin (TBP), 
and those in which TBP is saturated, so that 
secondary thyroxine-binding proteins may be ex- 
amined. Although it will be evident that these 
categories overlap, they are, for convenience, con- 
sidered separately in parts I and II of this sec- 
tion (cf. comments). 


I, Low thyroxine concentration in serum 


Mixtures of labeled L-thyroxine and nephrotic 
serum were prepared, in which the concentration 


of added thyroxine was from 0.009 to 0.1 yg. per 
ml. and in which the total thyroxine concentra- 
tion (1.e., added thyroxine plus endogenous thy- 
roxine *) ranged from 0.015 to 0.18 wg. per ml. 
The radioactive thyroxine-protein complex was 
then characterized by zone electrophoresis at pH 
8.6, moving boundary electrophoresis at pH 4.5, 
and ultracentrifugation. 


A. Electrophoresis at pH 8.6 


The findings presented in Figure 1 are illustra- 
tive of the results in 10 nephrotic subjects. In 
both conventional and reverse-flow zone electro- 
phoresis, a radioiodine peak which did not coincide 
exactly with any of the major protein bands ac- 
counted for the major portion of the radioiodine in 
the serum. (A similarly located radioiodine peak 
was presented in the sera of the remaining patient 
[Case No. 11], but less than half of the radioiodine 
was in this zone at the lowest thyroxine level 
studied, 0.14 wg. per ml.) This peak had a mo- 
bility which was of the order of that of the alpha 
globulins of normal serum. On the basis of direct 
comparison between nephrotic and normal sera 
containing thyroxine-I*** and run simultaneously, 
the electrophoretic mobility of the thyroxine- 


6 For the purposes of the calculation, the serum iodine 
was assumed to consist entirely of thyroxine. 
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Blood 
no. Age Sex Ft N 
yrs. mg. % mg. % 
1 4 25 1 
2 4 10 2 491 
3 19 6.3 535 F 
: 4A* 3 5.7 1 959 
B 0 785 
5 6 200 2 676 a 
6 6 20 0 1,522 12 
7 23 36 1 510 5.2 
8A* 54 38 0 807 2.3 
; B 39 2 595 1.4 i 
9 7 16 1 814 3.2 
10 35 65 0 493 2.2 
11 31 0 1,085 0.1 | 
{ 
‘ 


binding protein (TBP) appeared to be the same 
in both—.e., intermediate between the alpha-1 
and alpha-2 globulins (6, 18-20). 

The serum mixtures also contained thyroxine 
in the albumin zone. In conventional zone elec- 
trophoresis this comprised from 1 to 8 per cent of 
the total serum thyroxine, whereas in the reverse- 
flow experiments it comprised from 18 to 33 per 
cent (see part II). In addition, all of the sera 
contained a third radioiodine peak which moved 
just ahead of, and was poorly separated from the 
albumin peak (Figure 1). In most sera, this com- 
ponent was rather small (2 to 7 per cent of total 
serum thyroxine) and was similar to the “pre- 
albumin” radioiodine component noted in normal 
serum (10). In three subjects (Case Nos. 8B, 9, 
and 10), however, this component was more prom- 
inent, particularly in the reverse-flow experiments, 
and comprised approximately 10 to 25 per cent of 
the total serum radioiodine. The pattern in Fig- 
ure 1C. contained 17 per cent of its radioiodine in 
this component. It is uncertain whether or not 
this “pre-albumin” component is the same as that 
which is found in cerebrospinal fluid (21, 22), 
where it has been shown to form a complex with 
thyroxine (16, 23). The pre-albumin component 
in nephrotic serum was usually less clearly sepa- 
rated from albumin than in cerebrospinal fluid, and 
its significance is not clear. 

The variable quantities of radioiodine which 
were deposited between the TBP area and the 
point of application in conventional electrophoresis 
(and which were often more striking than il- 
lustrated in Figure 1) were absent from the re- 
verse-flow experiments, and appeared to be an 
artifact (see part II). The findings in the pa- 
tient injected intravenously with labeled L-thyrox- 
ine (Case No. 7) were similar to those presented 
in Figure 1, except that there was less radioactivity 
in the pre-albumin zone. 


B. Electrophoresis at pH 4.5 


A mixture of labeled L-thyroxine and serum 
from one patient (Case No. 4B), containing a total 
of 0.047 yg. of thyroxine per ml., was subjected to 
moving boundary electrophoresis at pH 4.5. The 
results are presented in Figure 2, and may be com- 
pared with those for normal sera published earlier 
(14). The small protein peak in fractions 2 and 
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T, = 0.17 
NEPHROSIS 86 


A. (+) ALG, 22 


Fic. 1. Zone ELECTROPHORESIS OF A MIXTURE OF LaA- 
BELED L-THYROXINE AND SERUM From Case No. 8B, 
Low THYROXINE CONCENTRATION 


A. and B., conventional method. C., reverse-flow 
method. In B. and C., the paper strips, stained with 
bromphenol blue, are aligned with records of their radio- 
activity. The arrows indicate the points at which serum 
was applied. The distances between base-line radio- 
activity and the bottom lines of the charts represent 
background counting rates. The bars in A. indicate the 
location of protein zones in a normal serum run simul- 
taneously with B. T,= total serum thyroxine. 


3 contained a major radioiodine component and 
had the highest I***: protein ratio. Inasmuch as 
the location of albumin in the schlieren pattern 
could not be determined by inspection, as may be 
done in the case of normal serum, the fractions 
denoted in Figure 2 were concentrated (by dialysis 
against 25 per cent polyvinyl pyrrolidone) and 
examined by zone electrophoresis at pH 8.6. The 
protein patterns for fractions 2 and 4 are presented 
in Figure 2. Whereas the latter contained a 
protein component with the mobility of albumin, 
fraction 2 contained a single visible component, 
the mobility of which was comparable to that of 
alpha-2 globulin. Since the most acid fraction of 
albumin is isoelectric at about pH 4.5, it may be 
concluded that TBP in this nephrotic serum had 
an isoelectric point slightly lower than pH 4.5. 
The behavior of this protein was, therefore, in- 
distinguishable from that of TBP in normal sera 
by electrophoresis at both alkaline and acid pH. 
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| NORMAL 
pH 86 


NEPHROSIS 
FRACTION 


we 


% OF TOTAL 


1'5/ PROTEIN 


FRACTION 

Fic. 2. Movinc BounpARY ELECTROPHORESIS OF A 
MrIxtTurE OF LaBELED L-THYROXINE AND SERUM FROM 
Case No. 4B, THyroxINE CONCENTRATION = 0.047 
wG. PER ML. (THE TBP AREA IN CONVENTIONAL ZONE 
ELECTROPHORESIS AT PH 8.6 ConTAINED 71 Per CENT OF 
THE THYROXINE) 

Top left: tracing of schlieren diagram in acetate- 
chloride buffer. The top of the largest peak is cut off. 
The vertical line at the top indicates the starting bound- 
ary, and the arrow points in the ascending direction. 
The broken lines indicate the fractions taken for analysis. 
Middle left: radioiodine and protein in the fractions, 
the latter measured by ultraviolet absorption at 275 mu. 
Bottom left: radioiodine-protein ratios in the fractions. 
Right: zone electrophoretic patterns in barbital buffer 
of concentrated fractions 2 and 4 compared with that of 
normal serum. The strips are stained with bromphenol 
blue. 


C. Ultracentrifugation 


The thyroxine-protein complex in two sera, 
(Case Nos. 1 and 4B) was studied in the ultra- 
centrifuge partition cell. In one (Case No. 1), 
the serum was first subjected to centrifugation in 
the preparative ultracentrifuge (untreated whole 
serum at 105,000 x G for 2% hours at 8° C.) 
and the low density lipids which floated to the 
top were removed. This low density material 
contained no thyroxine, and zone electrophoresis 
of the remaining serum revealed a radioactivity 
pattern identical with that in whole serum. 

The results of the partition cell experiments are 
presented in Figure 3 and Table IIA. The rate 
of disappearance of radioiodine from the top com- 
partment of the cell (Figure 3) was similar to 


OF 
@ 


8 


oN 


HIGH THYROXINE LEVEL 


l l l l l l 
2006. 
SEDIMENTATION TIME (MIN. AT 52,640 RPM, 20° C.) 


° } LOW THYROXINE LEVEL 


8 


1'3! REMAINING IN TOP (% 


Fic. 3. SEDIMENTATION IN THE ULTRACENTRIFUGE 
ParTITION CELL oF Mixtures oF LABELED L-THYROXINE 
AND SERUM : 

The lines are theoretical curves, calculated from the 
sedimentation equations, where s.. for TBP in diluted 
serum = 3.22 S, for albumin = 4.05 S, and s. for 
iodide =O. The symbols represent experimental data, 
each point being the result of a separate experiment. 
Pertinent data are as follows: 


Total 


thyroxine TBP Albumin lodide 


total [13 


0.044 
0.047 


0.28 


Since the proportion of I™ with TBP and albumin were 
determined by conventional zone electrophoresis, it is 
probable, especially at the high thyroxine level, that TBP 
was overestimated and albumin underestimated. This 
error does not significantly affect the results of the ultra- 
centrifuge experiments. Any radioiodine present in the 
alpha-2, beta, or gamma globulin areas was considered 
to be derived from thyroxine associated with albumin. In 
the instance of Case No. 1, 0.28 wg. per ml., the “albu- 
min” radioiodine was composed of 32 per cent of total 
I™ in the alpha-2 globulin zone, 16 per cent in the beta 
and gamma globulin zones, and only 8 per cent in the al- 
bumin zone. Iodide-I* was determined by chromo- 
tography. 


that expected with normal serum containing a 
similar distribution of thyroxine between TBP, 
albumin and iodide. The sedimentation coefficient 
of TBP (Table IIA) was calculated from the 
partition cell equations (15) by using the value 
S20,w = 4.2 S* for albumin and the distributions of 
radioiodine between TBP, albumin and iodide as 


7 Seo, w = Seo X 1.037. 
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x 1 || 39 56 5 
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given in the legend to Figure 3. The drift toward 
a lower sedimentation coefficient with increasing 
centrifugation time suggests that these sera may 
have contained a small amount of a rapidly sedi- 
menting, radioiodine component. 

One of these sera (Case No. 1) was examined 
optically in the analytical ultracentrifuge and was 
found to contain a rapidly sedimenting component 
(S2o,~w = 17.1 S) which contained 16.5 per cent of 
the total protein. When serum proteins from 
this patient were separated by moving boundary 
electrophoresis in barbital buffer, pH 8.6, and 
samples removed from the descending limb of the 
cell examined in the analytical ultracentrifuge, the 
rapidly sedimenting component was found to be 
associated with the large alpha-2 globulin peak. 
This finding is consistent with recent studies by 
Brown and co-workers (24, 25) who have shown 
that a macroglobulin, which is probably an alpha 
glycoprotein, is present in normal serum and is 
markedly increased in nephrosis. The associa- 
tion of approximately 5 per cent of the serum 
thyroxine with such a macroglobulin could pro- 
duce the drift seen in Table II. The sedimentation 
coefficients calculated for TBP at the longer time 
intervals (> 67 minutes), however, would not be 
affected by the presence of such a rapidly sedi- 


TABLE II 


Sedimentation coefficients calculated from ultracentrifuge 
partition cell experiments (cf. legend to Figure 3 
for other pertinent data) 


S20,w 
Secondary 
binding 
protein 


Time* TBP 


A. Low thyroxine concentration 


min, Svedbergs 
43.6 
95.6 


150.3 


37.7 
67.7 
100.4 
144.8 


B. High thyroxine concentration 


min, Svedbergs 
45.8 
99.5 


153.5 


* Sedimentation time at 52,640 rpm, 20° C. 
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menting component, and, therefore, may repre- 
sent the true sedimentation rate for TBP in ne- 
phrosis. These values for soo, have a mean of 
3.6 S, which is comparable within experimental 
error to the value of 3.3 S for TBP in normal 
serum (15). The possible presence of a pre- 
albumin thyroxine-binding component in these 
sera (see above) was not considered in the cal- 
culations. This omission may not introduce a 
significant error, inasmuch as the pre-albumin com- 
ponent present in normal serum has a sedimenta- 
tion rate of the order of serum albumin (26). 


II. High thyroxine concentrations in serum 


Mixtures of labeled L-thyroxine and serum 
were prepared which contained from 0.2 to 6.3 yg. 
of thyroxine per ml., amounts sufficient to saturate 
the thyroxine-binding sites on TBP. 


A. Electrophoresis at pH 8.6 


The electrophoretic distribution of thyroxine 
presented in Figure 4A. is representative of the 
findings in all sera examined at high thyroxine 


Ta = 0.36y4g/mi. 
pH=86 


NEPHROSIS — 


Fic. 4. Zone ELecTRopHORESIS OF A MIXTURE OF 
LABELED L-THYROXINE AND SERUM From Case No. 11, 
HicH THYROXINE CONCENTRATION 

A., conventional method. B., reverse-flow method. 
(Cf. legend to Figure 1.) 


4.4 


JACOB ROBBINS, J. E. RALL, AND MARY L., PETERMANN 


NEPHROSIS — pH 86 


Tg =05pg/mi. 


Tg = 


\ 
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Fic. 5. Zone ELectropHoresis (CONVENTIONAL METHOD) oF MIxTURES OF LABELED L-THuy- 
ROXINE AND SERUM From Case No. 6 at Low anp HicH THyRoxINE CONCENTRATIONS 


A., no addition. 
legend to Figure 1.) 


concentrations by the conventional technique. A 
large, broad peak of radioactivity was always 
found in the region of the dense, abnormal protein 
zone which had a mobility close to alpha-2 globu- 
lin. Although this radiothyroxine peak sometimes 
coincided with the protein zone, it not infrequently 
moved somewhat slower or, as in Figure 4A., some- 
what faster. Its mobility was distinct from that 
of TBP. The proportion of thyroxine associated 
with this zone appeared to vary with the albumin 
content of the serum. When the serum albumin 
was high, less thyroxine was found in the alpha-2 
globulin region and more in albumin. Variable 
quantities of radioiodine were present between 
the point of application and the major peak as well 
as in the pre-albumin region (see part I). 

The pattern in Figure 4B. on the other hand, is 
typical of the results obtained with the reverse flow 
technique. In these experiments, the major zone 
of radioactivity was in the albumin area, a small 
thyroxine peak was present in the TBP region, 
and there was no radioactivity in the region of the 
globulins with mobilities slower than TBP. It is 
evident from a comparison of Figures 4A. and 4B. 
that the large alpha globulin component in Fig- 


B., human serum albumin added (3.5 Gm. per 100 ml. of serum). 


(Cf. 


ure 4A. could represent an artifact in the conven- 
tional electrophoresis procedure. A similar, but 
quantitatively smaller, artifact has been described 
in normal serum (11), and appears to be the result 
of adsorption and dissociation of the thyroxine-al- 
bumin complex during migration through the paper 
strip. In the nephrotic sera, this artifact appeared 
to be accentuated as a result of the lower albumin 
concentrations. Figure 5 illustrates the effect of 
adding human serum albumin to nephrotic se- 
rum. The artifact could be reduced by this ad- 
dition. 

That the large magnitude of this artifact is not 
a characteristic only of nephrotic sera is demon- 
strated in Figure 6. In this experiment, a mix- 
ture of a normal serum and thyroxine, in which 
the thyroxine-sites on TBP were saturated, was 
applied to the paper strips in varying amounts. 
When the volume was small, and the conventional 
electrophoretic technique was employed, the al- 
bumin-bound thyroxine was deposited largely in 


8 Fraction V of human plasma, obtained through the 
courtesy of Dr. S. T. Gibson and Dr. J. N. Ashworth of 
the American National Red Cross and E. R. Squibb and 
Sons, respectively. 
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NORMAL - 
pH: 8.6 


Fic. 6. ZoNeE ELECTROPHORESIS OF A SINGLE MIXTURE OF LABELED L-THYROXINE AND 
NorMaAi SERUM 


A., B., C., conventional method. D., reverse-flow method. The volumes indicate the quantity 


of serum applied to the paper in each instance. 
same at all volumes with the reverse-flow method. (Cf. legend to Figure 1.) 


the serum globulin regions. This was apparently 
a consequence of the reduced amount of albumin 
on the strip. The failure to find a single large 
thyroxine peak in the alpha-2 globulin region in 
this experiment, compared to nephrotic sera at 
high thyroxine levels, may be due to the relative 
difference in globulin concentrations in the normal 
and nephrotic sera. For example, the presence of 
a globulin in relatively large amount might mini- 
mize the adsorption of albumin-thyroxine on the 
paper up to the point where this globulin itself is 
deposited. 


B. Ultracentrifugation 


The possibility that not all the thyroxine at 
these high concentrations was associated with pro- 
tein was examined in two sera (Case Nos. 1 and 
4A), which contained 1.5 and 6.3 yg. of thyroxine 
per ml., respectively. The mixtures were sub- 
jected to ultracentrifugation in the partition cell 
at 52,640 rpm for 4 hours. The proportions of 
thyroxine remaining in the top compartment were 


The distribution of I* shown in D. was the 


11 per cent and 8 per cent, respectively, indicating 
that most of the thyroxine was bound to protein 
even at these high concentrations. In addition, 
it may be calculated from equations for the inter- 
action of thyroxine with serum protein (16) that 
even with an albumin level of 1.0 Gm. per cent and 
10 yg. of thyroxine per ml., no more than about 
2 per cent of the thyroxine would be unbound. 

In a single experiment (Case No. 1) similar to 
that at a low thyroxine level, serum was subjected 
to ultracentrifugation in the preparative ultra- 
centrifuge at 105,000 x G for 2% hours. It was 
found that the serum thyroxine was not associated 
with the low density lipids. 

In one instance (Case No. 1),a thyroxine-serum 
mixture containing 0.28 yg. of thyroxine per ml. 
was subjected to ultracentrifugation in the par- 
tition cell. The thyroxine-sites on TBP were satu- 
rated, and zone electrophoresis by the conventional 
method revealed only 39 per cent of the radioiodine 
in the TBP region (see legend to Figure 3). The 
results are presented in Figure 3 and Table IIB. 
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TABLE III 


Urine radioiodine analyses after intravenous thyroxine-I'™ in nephrosis * 


Chromotographyt 


Solubility in 


n-butanol 
(washed with 
4 N NaOH- 


3.15M 
phosphate 


Interval 


after dose Thyroxine lodide 


Origin 


buffert 5% NazCOs) Dialyzability 


0-6 hrs. 
6-12 hrs. 
12-24 hrs. 
1-2 days 
2-3 days 


* All values are per cent of the total I'*' in urine. 
¢ n-butanol: dioxane : ammonia. 
t Equimolecular KH.PO, — 


It may be seen in Figure 3 that the rate of disap- 
pearance of radioiodine from the upper compart- 
ment of the cell was not much different from the 
theoretical normal curve with a similar thyroxine 
distribution. This suggested that the sedimenta- 
tion rate of the protein other than TBP which 
was interacting with thyroxine was not much 
different from that for TBP (soo. = 3.3 S) and 
albumin (Seow = 4.2 S). If it is assumed that 
this serum contained only two types of protein 
which could bind thyroxine, one of which was 
TBP, the sedimentation coefficient of the second 
protein could be calculated from the sedimenta- 
tion equations (15). The mean value obtained 
for the second protein was Seo,W¥ = 4.7 S, when the 
sedimentation time was longer than 67 minutes. 
This value is not significantly different from the 
sedimentation coefficient of serum albumin. The 
possible presence of a pre-albumin thyroxine com- 
ponent was again ignored in the calculations (see 
part IC). 


III, Interaction of thyroxine with urine proteins 


Urine collected from Patient No. 7 at varying 
intervals after the intravenous administration of 
radiothyroxine was analyzed by the procedures 
listed in Table III. Most of the radioiodine in 
these urine specimens was in the form of thyroxine 
bound to protein. It should be noted that this 
patient had uremia, and there were considerable 
losses of radioactivity in the feces and by emesis. 
The latter was shown by chromatography to be 
in the form of iodide. 

The zone electrophoretic analysis of urine con- 
centrated five-fold, presented in Figure 7, is typi- 


cal of the findings on all the specimens. Most of 
the radioactivity was in a zone which had a mo- 
bility intermediate between alpha-1 and alpha-2 
globulin, and a very small amount was associated 
with albumin. 

In two patients (Case Nos. 7 and 10), urine 
which was concentrated three-fold and which con- 
tained no endogenous radioiodine was mixed with 
labeled thyroxine so that the total thyroxine con- 
centrations varied from 0.11 to 4.3 wg. per ml. 
The electrophoretic distribution of thyroxine in 
the urine from Patient No. 7 at thyroxine concen- 
trations lower than 0.2 pg. per ml. was similar to 
that illustrated in Figure 7. At higher concen- 
trations (analyzed by the reverse-flow method) 
less radioiodine was present in the “inter-alpha” 
zone, and correspondingly more in albumin. 

In the case of Patient No. 10, however, thyrox- 
ine was found only in the albumin zone (in re- 
verse-flow electrophoresis) at even the lowest thy- 
roxine level (0.11 wg. per ml.). This patient’s 
serum contained TBP with the characteristic “in- 
ter-alpha” mobility. The reason for the discrep- 
ancy between the findings in these two patients is 
not apparent. 


COMMENTS 


The results which have been described indicate 
that the proteins in serum which interact with 
thyroxine are, in all likelihood, the same in pa- 
tients with nephrosis as in normal subjects. The 
presence of subtle differences, however, has not 
been eliminated by the rather gross methods em- 
ployed. In addition, the tacit assumption that the 
thyroxine-binding alpha globulin, TBP, is a single 
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protein species requires verification, inasmuch as 
this protein has not yet been isolated. 

This report has not dealt with the possibility 
that quantitative differences in thyroxine-binding 
may exist. Preliminary data on this question (16) 
indicate that the thyroxine-binding capacity of 
TBP (which probably reflects the concentration 
of TBP) may be lower than normal in nephrosis.° 
With a reduction in specific binding sites, it fol- 
lows that the concentration of unbound, or free, 
thyroxine at any level of PBI would be higher 
than if TBP concentration were normal. At- 
tempts at calculation of the free thyroxine con- 
centration (16) suggest that this value in nephro- 
sis may be normal or even elevated in the presence 
of a very low PBI. Since there is evidence sug- 
gesting that the physiological effects of thyroxine 
may be a function of the free rather than the total 
thyroxine (16), euthyroidism and a low PBI 
could thus coexist in nephrosis. Recant and 
Riggs (5) reasoned similarly on theoretical 
grounds. Other features of the complicated thy- 
roid physiology in nephrosis have been discussed 
elsewhere (5, 6, 16). 

It should be pointed out that the thyroxine-bind- 
ing capacity of TBP, which was quantitated in 
some of the patients in this study, varied from 
very low to normal values. This fact is responsible 
for the wide range of thyroxine concentrations 
which could be considered as “low thyroxine con- 
centration” in part I of the section on results. 
The arbitrary division into “low” and “high” con- 
centration groups was based on whether the major 
portion of the serum thyroxine was complexed 
with TBP or with the secondary binding pro- 
tein. Since actual saturation of TBP with thy- 
roxine is approached asymptotically (11, 16), the 
term “saturation” as used in this report is an ap- 
proximation and is employed in a descriptive sense. 


SUMMARY 


Sera from 11 patients with the nephrotic syn- 
drome were studied with regard to the nature of 
the proteins which interact with thyroxine. The 
proteins were labeled by the addition of radio- 
thyroxine in vitro or, in one patient, by intra- 


® Earlier studies (8) which failed to demonstrate a 
depression of TBP were in error due to the artifact in- 
herent in conventional zone electrophoresis. 
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Fic. 7. Zone ELecTROPHORESIS OF URINE, CONCEN- 
TRATED Five-Fotp, From Case No. 7, BeE- 
TWEEN 12 anv 24 Hours Fottow1nG INTRAVENOUS IN- 
JECTION OF LABELED L-THYROXINE 

A., conventional method. B., reverse flow-method. 
(Cf. legend to Figure 1.) 


venous injection. As in normal serum, thyroxine 
appeared to interact chiefly with two proteins: 
albumin and an alpha globulin (TBP). There 
was suggestive evidence that thyroxine interacted 
to a lesser degree with a third protein component 
having an electrophoretic mobility at pH 8.6 
slightly faster than albumin, and possibly with a 
fourth component characterized by a rapid sedi- 
mentation rate. TBP in the nephrotic sera ap- 
peared to be identical with normal TBP with re- 
spect to electrophoretic mobility at pH 8.6 and 
pH 4.5, and sedimentation rate in the ultracentri- 
fuge. 

At low thyroxine concentrations, the thyroxine- 
TBP complex accounted for most of the serum 
thyroxine. At high thyroxine concentrations, 
TBP was saturated with thyroxine and the excess 
thyroxine became associated with albumin. In the 
presence of low serum albumin concentration, 
however, conventional zone electrophoresis in 
filter paper gave rise to an artifact due to adsorp- 
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tion of albumin-bound thyroxine in the globulin 
zones. 

The urine in one nephrotic patient was found 
to contain thyroxine in combination chiefly with 
TBP, and excess thyroxine added to this urine 
became associated with albumin. 
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A COMPARISON OF THE PHENYLALANINE CONTENT OF THE 
HEMOGLOBIN OF NORMAL AND PHENYLKETONURIC 


INDIVIDUALS: DETERMINATION BY ION EX- 


INTRODUCTION 


Despite extensive clinical and biochemical re- 
search, the relationship of the metabolic error in 
phenylketonuria to the clinical symptomatology is 
unknown (1, 2). The specific biochemical de- 
fect, inherited as an autosomal recessive gene, is 
the lack of phenylalanine oxidase in the liver (3, 
4). This lack prevents the effective conversion of 
phenylalanine to tyrosine and results in high blood 
levels of phenylalanine and high concentrations 
in the urine of such metabolites of phenylalanine 
as phenylpyruvic acid, phenyllactic acid, and 
phenylacetic acid. How this biochemical defect 
produces mental deficiency is not known, but the 
apparent improvement in mental status of patients 
on low phenylalanine diets suggests a toxic action 
either of phenylalanine or of its derivatives (5, 6). 
One possible mode of phenylalanine toxicity would 
be through increased incorporation of phenylala- 
nine in body proteins and consequent interference 
with the proper function of these molecules (7). 
The phenylalanine contents of body proteins of 
normal and phenylketonuric individuals have been 
compared but the results are equivocal. Block, 
Jervis, Bolling, and Webb (8), in the only prop- 
erly controlled set of experiments, found no sig- 
nificant differences in the phenylalanine content of 
the serum proteins, erythrocytes, brains, livers, 
and kidneys of normal and phenylketonuric indi- 
viduals. Schrappe (9) has claimed that blood 
proteins from phenylketonurics contain higher 
than normal amounts of phenylalanine (8.53 per 
cent) but Keup (10) was unable to confirm this 
finding. 

None of these experiments was performed with 
sufficient accuracy to detect a difference of one or 
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two phenylalanyl residues per protein molecule. 
Such a difference might influence the function of 
a protein if, for example, the phenylalanine re- 
placed a tyrosyl residue. Hence, it was desirable 
to repeat these experiments with the necessary 
precision and accuracy so that a difference of only 
a single phenylalanyl residue might be detected. 
To achieve this end, a pure body protein and an 
accurate method for the determination of phenyl- 
alanine are required. In this research, the first 
condition was met by using carefully purified he- 
moglobin from both normal controls and well- 
documented phenylketonurics, and the second by 
using the techniques of ion-exchange column chro- 
matography as developed largely by Moore and 
Stein (for a review see reference 11). 


METHODS 


Preparation of hemoglobin. Hemoglobin was pre- 
pared by the method of Drabkin (12) except for minor 
modifications, the most important of which was the con- 
version to the more stable carbonmonoxy form early in 
the purification. 

This investigation used two preparations of hemo- 
globin from normal individuals and two from phenylke- 
tonuric patients. The first preparation of normal hemo- 
globin employed red cells from which the plasma had 
been removed; these cells were obtained from Hyland 
Laboratories, Los Angeles. The second sample of normal 
blood came from a known healthy donor. The possibility 
exists that the high levels of phenylalanine in the plasma 
of phenylketonuric patients may lead to adsorption of 
phenylalanine by the hemoglobin. In an attempt to rule 
out this possibility, phenylalanine was added to the whole 
normal blood to give a final concentration of 30 mg. per 
100 ml. and the blood was allowed to stand at 20° C. for 
24 hours prior to separation of the red cells. The speci- 
mens of phenylketonuric blood were provided by Drs. 
George Tarjan and Stanley W. Wright of the Pacific 
State Hospital, from patients who had been studied by 
them and who are described in their review (2). These 
patients are listed as Case Nos. 5 and 20. 

Apart from the above difference, the subsequent prepa- 
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ration of the four hemoglobin samples was identical. 
After the red cells had been separated from the plasma, 
they were washed twice with isotonic saline at 0° C. and 
CO was bubbled through the red cell suspension for 10 
minutes. During the remainder of the purification all 
solutions were saturated with CO. The red cells were 
washed twice more with isotonic saline, hemolyzed with 
an equal volume of distilled water and 0.4 volume of 
toluene, and allowed to stand overnight at 1° to 2° C. 
The hemolyzed cells were then centrifuged at 18,000 G 
for 1 hour at 0° C., after which the hemoglobin layer 
was removed and recentrifuged in the same way. The 
hemoglobin solution was dialyzed against Drabkin’s 2.8 
M phosphate buffer initially at 37° C. and then at 1° to 
2° C. After the crystals which formed overnight had 
been washed four times with 2.8 M phosphate buffer, 
they were dissolved in distilled water to give a volume 
equal to that of the original laked cell contents, and the 
crystallization was repeated. In the method of crystal- 
lization as here employed, almost no hemoglobin re- 
mains in the supernatant solution and any fractionation 
is thus avoided. These crystals were dissolved in dis- 
tilled water and dialyzed against distilled water until the 
dialysate was negative for phosphates. The solution was 
finally dialyzed against glass distilled water, and the 
dialysate was negative for residue, phosphates, or nin- 
hydrin positive material. The hemoglobin solution was 
then adjusted to a concentration of approximately 6 Gm. 
per 100 ml. Simultaneous aliquot portions were taken 
for determination of the concentration and for hydrolysis. 

Determination of concentration. The concentration of 
the hemoglobin solutions was determined both by dry 
weight and by the spectrophotometric methods of Drab- 
kin and Austin (13). 

The determination of the dry weight was performed 
in quadruplicate by heating the weighed 3-ml. aliquot 
portions first to 90° C. for two hours (to prevent boiling 
and spattering) and then to 105° C. for one hour. After 
cooling over “Drierite” and weighing, repeated heating 
to 105° C. for one hour produced no further loss in 
weight. Values for dry weight agreed within 0.5 per 
cent. 

The concentration of the hemoglobin was also deter- 
mined spectrophotometrically as carbonmonoxyhemo- 
globin and as ferrihemoglobin cyanide by the methods of 
Drabkin (13). The concentration using these techniques 
was 2 to 4 per cent less than that obtained by dry weight 
and agreement between the two spectrophotometric de- 
terminations was no better than 1 or 2 per cent. 

The dry weight was considered to be the most reliable 
basis for calculating the amino acid composition of the 
hemoglobins prepared in identical fashion. The spectro- 
photometric determination as carbonmonoxyhemoglobin 
will be less reliable if a few per cent of ferrihemoglobin 
is present in variable amount in the different preparations. 
The spectrophotometric determination as ferrihemog!lobin 
cyanide is unsatisfactory in our work because some diffi- 
culty was experienced in converting carbonmonoxyhemc- 
globin to ferrihemoglobin. 
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Hydrolysis. Four 1-ml. aliquot portions of each hemo- 
globin preparation were pipetted into long-neck hydroly- 
sis flasks containing 10 ml. of doubly distilled 6 N HCl. 
Two hydrolyses were refluxed for 24 hours and two for 
72 hours. Each hydrolysate foamed badly for the first 
hour and required frequent cooling of the neck of the 
flask to avoid loss of material; subsequently, there was 
no foaming over. Capryl or n-octyl alcohol was ineffec- 
tive in preventing foaming at this stage as each distilled 
into the condenser and remained there. At the end of 
the hydrolysis, the HCl was removed by vacuum distil- 
lation with a rotary evaporator at 60° C.; one drop of 
capryl alcohol was an effective anti-foaming agent. In 
order to remove traces of HCI, the residue was taken up 
twice with distilled water which was removed by the 
same technique. Finally, the residue which was not com- 
pletely soluble in 0.5 M acetic acid was transferred quan- 
titatively with this solvent to a 10-ml. volumetric flask 
and the solution was brought up to mark. The insoluble 
material which probably consisted of heme degradation 
products was not removed before chromatography but, 
rather, 1 ml. of this suspension was pipetted directly 
on the column. 

Chromatography. In these experiments, it was essen- 
tial that the phenylalanine be completely separated from 
all other constituents of the protein hydrolysate. Be- 
cause phenylalanine is the first amino acid to emerge 
from starch chromatograms under certain conditions 
(14) this method would have been convenient, but no 
developer which was studied would separate phenylalanine 
from traces of tryptophan which <urvive the hydrolysis. 

Chromatograms on Dowex 50 require strict temperature 
control to separate phenylalanine from tyrosine (15) and 
suffer the disadvantage that phenylalanine emerges rather 
late in the chromatogram. However, Hirs, Moore, and 
Stein (16) describe the use of a 30-cm. Dowex 1-X8 
column developed with 0.5 M acetic acid for separation 
of tyrosine, glutamic acid, and aspartic acid and it was 
known (17) that on this column phenylalanine precedes 
tyrosine but is incompletely separated from other amino 
acids. Therefore, it was hoped that a longer column 
would achieve a complete separation of phenylalanine. 

Accordingly, a 0.9 x 100-cm. column of Dowex 2-X10 3 
was poured and found to separate phenylalanine from the 
remaining amino acids adequately for most purposes but 
not quite enough for these experiments. When the length 
of the column was increased to 200 cm., the phenylalanine 
separated completely from the remaining amino acids. 
The identity and purity of the zone of phenylalanine were 
proved by chromatographing a hemoglobin hydrolysate 
on the 200-cm. column. After those fractions which con- 
tained the phenylalanine were combined, the compound 
was dinitrophenylated and the DN P-derivative was chro- 
matographed on silicic acid-Celite by the method of Green 
and Kay (19). The DNP-derivative was found to be 
pure DNP-phenylalanine in amounts equivalent to the 


3 The behavior of amino acids on Dowex 2-X10 is al- 
most the same as that on Dowex 1-X8 and the former 
resin has been used for tyrosine determinations (18). 
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phenylalanine determined by a duplicate chromatogram 
on the Dowex 2-X10 column. 

The Dowex 2-X10 which was used for these columns 
had been purified essentially in the manner described by 
Hirs, Moore, and Stein (16) for Dowex 1-X8 and had 
been passed wet through a 200-mesh sieve. 

As mentioned above, a 1-ml. portion of hydrolysate 
was placed on the column. After this sample had pene- 
trated into the column, it was rinsed in with 3 x 0.5 ml. 
of 0.5 M acetic acid. Development was carried out with 
0.5 M acetic acid. At the beginning of the chromatogram, 
the flow rate of developer was set at 3.5 ml. per hour 
by adjusting the position of the solvent reservoir in order 
to apply the necessary hydrostatic pressure. After 200 
0.5-ml. fractions had been collected (well past the ty- 
rosine peak) 18 cm. of mercury pressure was applied 
to increase the flow rate to 7 ml. per hour and 120 1-ml. 
fractions were collected until emergence of the peak of 
glutamic acid was complete. The next 230 ml. of effluent 
were not collected in fractions because of the absence of 
zones and finally 120 more 1-ml. fractions were taken to 
collect the aspartic acid. After the completion of the 
chromatogram, the upper 2 cm. of the column, which con- 
tained the brown products of the hydrolysis, were removed 
and replaced with fresh resin. Then, 100 to 200 ml. of 0.5 
M acetic acid were passed through the column before its 
next use. 

The original ninhydrin method of Moore and Stein 
(20) was used to determine the amino acid content of 
the effluent fractions after they had been brought to pH 
5 with N NaOH (0.1 ml. or 0.2 ml., depending on the 
size of the fraction). The color yields of phenylalanine, 
tyrosine, glutamic acid, and aspartic acid were redeter- 
mined and found to be 0.92, 0.93, 1.04, and 0.97, re- 


spectively. Four chromatograms with known phenylala- 
nine in amounts of the same magnitude as was present 
in the hydrolysates yielded quantitative recovery with 
+3 per cent precision. The tyrosine and glutamic acid 
were also recovered quantitatively, but only about 85 per 
cent of the aspartic acid was recovered from known 
amounts of amino acid, or when added to a hydrolysate 
in which the aspartic acid had previously been determined. 
A typical chromatogram is illustrated in Figure 1. 
The optical density of the individual fractions after reac- 
tion with ninhydrin is plotted against the fraction num- 
ber. The fractions with optical density above 1.00 were 
read at an appropriate dilution, but, before plotting, the 
optical density was calculated to what would have been 
observed in the same volume as the blank fractions. The 
peak of the phenylalanine appears at 60 ml. of effluent 
volume, tyrosine at 83 ml., glutamic acid at 176 ml., and 
aspartic acid at 517 ml. Tryptophan is found in 24-hour 
hydrolysates as a small zone with its peak at 151 ml. 
As it produces only a slight increase of optical density 
readings above the blank an estimate of the amount of 
tryptophan could rarely be obtained, although generally 
there was evidence for its presence as in the figure. 
Determination of serum phenylalanine. The phenyl- 
alanine content in the phenylketonuric serum was deter- 
mined in the following way: A 2-ml. sample of the pa- 
tient’s serum was diluted to 10 ml. with distilled water 
and the proteins were precipitated with 10 ml. of 10 per 
cent trichloracetic acid. The precipitate was washed twice 
with 5 ml. of 5 per cent trichloracetic acid, and the com- 
bined supernatant solution and washings were extracted 
five times with an equal volume of ether to remove the 
trichloracetic acid. The aqueous layers were then con- 
centrated to dryness at 50° C. in a rotary evaporator and 
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dissolved in 10 mi. of distilled water which was removed 
by the same technique. The residue was dissolved in 2 
ml. of 0.5 M acetic acid and 1 ml. of this solution was 
pipetted on the 100-cm. Dowex 2-X10 column and the 
determination completed as above. 


8 
13 or 21 mg./100 ml.* 


RESULTS AND DISCUSSION 


The individual results of amino acid analyses 
from all chromatograms of hemoglobin hydroly- 
sates are shown in Table I. The number of the 
preparation and hours of hydrolysis are shown. 
The case number in Wright and Tarjan’s review 
(2), the intelligence quotient, and the serum 
phenylalanine level of the two phenylketonuric 
patients are also given. 

Before attempting to decide whether differences 
exist in the amino acid contents of the two hemo- 
globins, let us consider the reproducibility of de- 
terminations of this type. Comparisons may be 
made of the results from duplicate determinations 
on the same hydrolysate, from hydrolysates of the 
same preparation of hemoglobin, and from differ- 
ent preparations of hemoglobin. Thus, we may 
compare, respectively, the results of Chromato- 
grams No. A-27 and A-30 (Table I), of these and 
Chromatograms No. A-28 or A-31, and finally, 
of all the foregoing with Chromatogram No. A-33. 
It is apparent that duplicate determinations on 
the same hydrolysate agree no better than dupli- 
cate determinations in which still other variables 
are present. These three variables, then, have no 
specific influence on the results. The individual 
determinations of phenylalanine and glutamic acid 
agree within the range of + 3 per cent usual in 
column chromatography. The error for tyrosine 
exceeds this. Part of the error in the tyrosine de- 
terminations may be due to the smaller quantities 
of this amino acid, which make any error in the 
blank more significant. The variation in the val- 
ues for aspartic acid is large and is quite likely re- 
lated to its destruction on the column. 

In Table II are shown the results of a statistical 
study of the data* (21). An analysis of variance 


Phenylketonuric 


29 or 39 mg./100 ml.* 
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(Gm. of amino acid per 100 Gm. of hemoglobin) 
procedure described in Methods, whereas the higher value was obtained by Dr. Marvin Armstrong (6) by the Kapeller- 


1. Bank blood 


4In Chromatogram No. A-39, a further attempt to as- 
sess the extent of the destruction of aspartic acid was 
made. For this experiment, a portion of the same hy- 
drolysate that was used for Chromatogram No. A-36 was 
placed on the column and followed immediately hy a 
known amount of aspartic acid solution. The resulting 
chromatogram was unusual in that the optical density 
was abnormally high between phenylalanine and the pre- 


* The lower value was obtained by the 


Adler method. 
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TABLE Il 


Statistical study of results - 
(Gm. amino acid per 100 Gm. hemoglobin) 


Type of hemoglobin 


Normal 


Phenylketonuric 


Standard 
deviation 
Amino acid 


Standard 
deviation 


Residues 


Residue 
weight in doubt 


Phenylalanine 
Tyrosine 24 hours 
72 hours 
Glutamic acid 
Aspartic acid 


0.25 
0.27 


0.22 
0.20 


0.36 
0.93 


0.77 
0.70 


for one variable of classification reveals no evi- 
dence of inhomogeneity of the four hemoglobin 
preparations and allows us to pool the data of the 
different preparations from the normal and phenyl- 
ketonuric individuals for all the amino acids stud- 
ied. Except for tyrosine, the results from the 24- 
hour and 72-hour hydrolysates do not differ. A 
“t” test on the combined data from both types of 
- hemoglobin reveals that there is less than a 20 per 
cent probability that the smaller value of tyrosine 
in the 72-hour hydrolysates is due to chance alone. 
Hence, although the data do not reveal a signifi- 
cant difference by usual standards, it is unjusti- 
fiable in the case of this amino acid to pool the re- 
sults on 24-hour and 72-hour hydrolysates in the 
light of other evidence that tyrosine is lost on pro- 
longed hydrolysis (22). 

In order to test the hypothesis that phenyl- 
ketonuric hemoglobin has an increased amount 
of phenylalanine, and, as a corollary, a diminished 
amount of other amino acids, we take the differ- 
ence between the means, subtracting the mean 
value of phenylalanine content for normal hemo- 
globin from that of phenylketonuric hemoglobin, 
and, in the case of the other amino acids, sub- 
tracting the phenylketonuric amino acid content 
from the value for normal hemoglobin (see col- 
umn 5, Table Il). The differences are small, and, 
taking into account the variation of the individual 
measurements, the hypothesis would probably be 
rejected without any statistical treatment. How- 
ever, to evaluate more closely the effect of varia- 
tion of individual measurements, the 95 per cent 
one-sided confidence limit of the difference in 


ceding peak. Because of the unusual procedure and re- 
sult, the determinations of this chromatogram have been 
omitted from the statistical data of Table II. 


means was obtained. This difference, taken only 
in the direction of our hypothesis, will be exceeded 
by chance alone once in 20 times (21). Thus, in 
Table II are found not only the means, the stand- 
ard deviation of the means, and the difference be- 
tween the means, but the 95 per cent one-sided 
confidence limit of the difference. For compari- 
son, in the next column the weight of each amino 
acid in Gm. per 100 Gm. of hemoglobin equiva- 
lent to one residue per molecule is given, and 
finally, in the last column, the quotient of the con- 
fidence limit of the difference by the residue 
weight is given. This quotient provides an esti- 
mate of the number of residues of amino acid in 
doubt. There is less than one chance in 20 that 
phenylketonuric hemoglobin exceeds normal hemo- 
globin by as much as 0.36 residue. At the 99.5 
per cent level of significance there is less than one 
chance in 200 that phenylketonuric hemoglobin 
exceeds normal hemoglobin by as much as 0.72 
residue. It is also evident that there is less than 
one chance in 20 that phenylketonuric hemoglobin 
has one residue less of tyrosine, glutamic acid or 
aspartic acid. 

These results must not be interpreted to mean 
that the absolute amount of phenylalanine in he- 
moglobin is known with such accuracy because it 
does not take into account the possibility of con- 
stant errors such as errors in determination of the 
concentration of hemoglobin, the color yields by 
the ninhydrin procedure, and so forth. However, 
because two materials prepared and analyzed in 
the same way are compered, such constant errors 
are cancelled and this precision is possible in the 
comparison. 

A comparison of the amino acid content of nor- 
mal hemoglobin with the results of other workers 
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Confidence 
Difference diff. in 
Mean of mean in means the means 
7.52 +£0.05 7.50 +0.03 —0.02 0.09 
3.30 +0.08 3.22 +0.04 0.08 0.25 
3.13 +0.05 3.24 
7.11 +0.04 7.06 +0.06 0.05 0.17 
9.67 +0.07 9.77 +0.12 —0.10 0.14 oe 
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TABLE Ill 


rison of results with those of previous workers 
Gm. of amino acid per 100 Gm. of hemoglobin) 


Com 


Phenylalanine 
Tyrosize 24 hours 

72 hours 
Glutamic acid 7.11 
Aspartic acid 11.40* 


7.17 
11.02 


* Corrected for 15 per cent loss on the column. 


is seen in Table III (22-24). Aside from the 
divergent reports of Van der Schaaf and Huisman 
(22) for tyrosine, and of Rossi-Fanelli, Cavallini, 
and DeMarco (24) for phenylalanine and aspartic 
acid, the results are in good agreement. Schroeder, 
Kay, and Wells (23) report a slightly higher value 
for phenylalanine than was found in the present 
study, but their phenylalanine was contaminated 
with tryptophan which was not removed by starch 
chromatography. If the amount of tryptophan 
that survived acid hydrolysis and is present in 
Chromatogram No. A-33 is calculated as phenyl- 
alanine, its quantity is 0.13 Gm. per 100 Gm. of 
hemoglobin. If this amount is subtracted from 
Schroeder, Kay, and Wells’ value for phenylala- 
nine content of 7.66, the result, 7.53, is in excep- 
tional agreement with the present value of 7.52. 

The aspartic acid has been corrected for the loss 
that is known to take place on the column, but the 
result reported here is less reliable than that of 
other workers. 


CONCLUSIONS 


It may be concluded from the results of the 
present work that, if normal and phenylketonuric 
hemoglobin are of uniform phenylalanine content, 
they do not differ by as much as one residue of 
phenylalanine per molecule. It is possible that 
some of the molecules of the phenylketonuric he- 
moglobin have one or more extra residues of 
phenylalanine but the accuracy of the present tech- 
nique is unable to detect a difference in the average 
phenylalanine content of much less than one resi- 
due per molecule. 

Further work is being carried out in these lab- 
oratories on the phenylalanine content of other 
body proteins. If such investigations yield results 
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similar to the above, it would render unlikely the 
possibility that phenylalanine acts as a toxic sub- 
stance by accumulating to an abnormally large ex- 
tent in proteins. This indicates that either the 
cells can exclude from sites of protein synthesis 
the high levels of phenylalanine found in body 
fluids, or that the gene-controlled protein synthesis 
is remarkably efficient. 


SUMMARY 


1. One possible mechanism for phenylalanine 
toxicity in phenylketonuria is the abnormal accu- 
mulation of phenylalanine in body proteins and the 
displacement of other amino acids. A vital protein 
containing a single extra residue of phenylalanine 
might function abnormally and produce the clini- 
cal symptomatology. 

2. The phenylalanine, tyrosine, glutamic acid 
and aspartic acid content of two samples of hemo- 
globin from normal individuals and two samples 
from phenylketonuric patients have been com- 
pared. The amino acid determinations were made 
chromatographically on a 200-cm. column of 
Dowex 2-X10, an anion exchange resin, with 0.5 
M acetic acid as a developer. 

3. The results show no significant difference 
between normal and phenylketonuric hemoglobin. 
Moreover, there is less than one chance in 200 
that the phenylalanine content of phenylketonuric 
hemoglobin exceeds that of normal hemoglobin by 
as much as one residue of phenylalanine, and less 
than one chance in 20 that phenylketonuric hemo- 
globin has one residue less of tyrosine, glutamic 
acid, or aspartic acid. 

4. From the experimental evidence, the phenyl- 
alanine toxicity in phenylketonuria is not associ- 
ated with any abnormal accumulation of phenyl- 
alanine in hemoglobin. 
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The plasma levels of free 17-hydroxycorticos- 
teroids (17-OH-CS) were found to rise progres- 
sively during pregnancy (1-5). In cases of vag- 
inal delivery and “indicated cesarean section,” 
labor and delivery had a tendency to further in- 
crease the maternal concentrations (6, 7), while 
in cases of “elective, repeat cesarean section,” the 
levels were not as high as those observed in cases 
where labor had taken place (8, 7). 

The levels of 17-OH-CS in cord blood were ob- 
served to be very low in cases of “elective, repeat 
cesarean section” (8,7). In cases of vaginal de- 
livery and indicated cesarean section the concen- 
trations were as high or higher than those of nor- 
mal adults (3, 6-9). 

Studies involving the intravenous infusion of 
ACTH or cortisol to patients selected for “elec- 
tive, repeat cesarean section” strongly suggested 
that 17-OH-CS could cross the “placental barrier” 
from the mother to the baby (7). In all cases, 
there was a direct relationship between maternal 
and cord levels, the latter values being one-half 
to one-fifth of those of the corresponding mother 
(6, 7). 

These findings suggested that, near term, the 
fetal adrenals produce little 17-OH-CS and that 
the increase in cord levels observed in cases of 
either vaginal delivery or “indicated cesarean sec- 
tion” was the result of elevated maternal concen- 
trations. 

The present work is an attempt to elucidate fur- 
ther the metabolism of corticosteroids during preg- 
nancy. It was thought that radioactive cortisol 
might be useful since it would permit a dynamic 


1 This work was made possible by a Grant-in-Aid from 
the American Cancer Society of the Committee on 
Growth of the National Research Council, and by a re- 
search grant from the Division of Research Grants and 
Fellowships of the National Institutes of Health, United 
States Public Health Service. 

2 Recipient of a research fellowship of the French gov- 
ernment and of a Fulbright Travel Fellowship. 


study without interfering with the endogeneous 
production of steroid. 


METHODS 


Preliminary study on newborn infants. If, following 
the injection of radioactive material to a mother, a large 
part of the dose were to cross the placenta, we had to be 
assured that the newborn would dispose of the com- 
pound as rapidly as do normal adults (10-13). There- 
fore, in a first step of the present study, we measured the 
urinary excretion of radioactivity during the 48-hour 
period following the administration of a minimal dose 
of 4-C™-cortisol (1.5 X 10* microcurie) to two newborns, 
15 and 20 hours of age. Since, as shown in the Results 
section, the 48-hour excretion of radioactivity was within 
normal limits, it was considered safe to proceed with the 
injection of mothers shortly before delivery. 

Experimental subjects. The other subjects of the study 
were nine pregnant females, 20 to 38 years of age. An 
“elective, repeat cesarean section” was performed ap- 
proximately at term and before onset of labor in all 
cases. Sections were deemed advisable because of a previ- 
ous “indicated section,” but otherwise the pregnancies had 
been normal. The surgery was performed with local in- 
filtration of Novocain® and intravenous Pentothal® 
anesthesia. 

Purity of 4-C™-cortisol. The 4-C*-cortisol was pro- 
vided by the Endocrinology Study Section, Division of 
Research Grants, National Institutes of Health, Bethesda, 
Maryland. Its specific activity was 1.467 millicuries per 
millimole. The purity of the compound was tested as 
previously described (13), and 90 to 95 per cent of the 
radioactivity was found to move as cortisol on our paper 
chromatograms when using the Bush (14) system of 
benzene: methanol: water (100: 55:45). 

Mode of administration of 4-C*-cortisol. The radio- 
active steroid was dissolved in re-distilled ethanol so 
that 1 ml. of the solution contained approximately 1 mi- 
crocurie. For human administration, 1 ml. of this solu- 
tion was carefully pipetted out and diluted with 10 ml. of 
5 per cent dextrose in water. The method of intravenous 
injection and the mode of calculation of the dose actually 
administered were similar to those previously described 
(13). The dose given to each of the subjects of the 
present study is indicated in Table I. 

Subject A. O. received the injection 24 hours, and sub- 
jects A. P. and A. Q., 48 and 46 hours, respectively, 
prior to delivery. In the six other cases the steroid was 
given from 17 to 69 minutes before delivery (see Table I). 
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TABLE I 
Radioactivity readily extractable from plasma with chloroform, and that extractable 
following B-glucuronidase hydrolysis at various intervals following 4-C™-cortisol 
administration (expressed of the administered dose 
per 


SUBJECTS 


MOTHER 82 kge 
779,600 48 hrs, prior 
to delivery 


BABY 9, 3670 ge 


MOTHER, 2h yrs » 69 
812,000 © a, ue. hrs. prior 
to delivery. 


BABY Q, 3050 ge 


» 65 kge 
766,500 hrs. prior 
to delivery’ 


— 


yre., 65 
delivery 


BABY 0; 2690 ge 
MOTHER, yrs., 70 kg. 
872, 500 27° prior to 
delivery 


907,100 
delivery 


BABY 9, 2600 g. 


MOTHER, yrse, 
936,500 
delivery 


BABY 0% 3200 g. 

MOTHER, yrse, 93 kg. 
8ih, prior to 
delivery 


» 50 kg. 
300,08 c/m, 69" prior to 
delivery 


BABY OF 3200 ge 


Collection. of blood and urine samples. Samples of ma- was collected at the exact time of delivery in addition 
ternal blood were drawn in heparinized syringes at toa specimen of cord blcod. The plasma was immediately 
various times after the injection. In all cases, a sample separated from the red blood cells. Urine samples were 


INJECTION | FRACTION FRACTION coe 
x 5.0h 0.36 
60! 4009 0.29 
120° 3026 0.46 
2,0" 1.85 
48 hrs. 0. 0. ae 
60! 
120! 0.39 
240° 
0.48 ; 
250" 0.5% 
hrs. 0 
27! 0.33 
60! 3.75 0.32 
145' 3.0 0,30 
263! 1.63 0.38 
' prior to 39" 0.19 
240! 1.15 0.16 
37" 4.62 0.31 
120! 2.50 0.35 
60" hell 0.48 
120! 2027 
0.36 
20° 6.80 0.33 
69! 0.56 
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CUMULATIVE PER CENT DOSE 


HOURS AFTER 


Fie. 1. 


24 
INJECTION 


CumutatTive Urtnary Excretion oF Rapioactivitry FoLttow1nc 4-C*- 


Cortisot INJECTION In Two Norma Newsorns, 15 anp 20 Hours or AcE 
The broken line is the average urinary excretion of seven normal young adults 
(13, 15). The shaded area shows the range of values for these normal individuals. 
The full lines join the values obtained in the two normal newborns. 


collected from the mothers and their babies at specified 
times following cortisol administration (see Table I). 

Preparation and assay of the various plasma and urine 
extracts. Each plasma sample was extracted three times 
with freshly re-distilled chloroform (40 ml. X 3) in order 
to extract the free steroids (“free fraction”), after which 
100 ml. of absolute ethanol was added to the plasma 
residue. After shaking and centrifuging, the liquid phase 
was decanted and the remainder was washed with 50 ml. 
of ethanol. The pooled ethanol extracts were then evapo- 
rated to dryness. The ethanol residue was dissolved in 
20 ml. of distilled water, incubated with 8-glucuronidase 
(approximately 500 units per ml. of plasma), at pH 4.6 
(acetate buffer), at 37° C. for 48 hours. Extraction was 
then performed with chloroform (40 ml. X 3) to obtain 
the steroids formerly present as conjugates of glucuronic 
acid (“glucuronoside fraction”). 

A 25-ml. aliquot of each urine was extracted three times 
with an equal volume of chloroform in order to obtain 
the “free fraction.” A §-glucuronidase hydrolysis was 
then carried out on the urine residue under the same 
conditions regarding temperature and pH as for the 
plasma (“glucuronoside fraction”), followed by 48-hour 
continuous extraction with ether at pH 0.8. Three ml. of 
concentrated hydrochloric acid was then added to the 
aqueous residue, the mixture boiled for 20 minutes and 
then extracted three times with its volume of chloroform. 

A great discrepancy between the total urinary radio- 
activity and the sum of those found in the various uri- 


8 Ketodase, a beef liver preparation, from Warner- 
Chilcott Laboratories was used in the present study. 


nary fractions was observed in all cases, and for this 
reason a count of the isotopic activity was made on the 
urine residues following the removal of “free,” “glucuron- 
oside” and “continuous ether extraction” fractions of 
patients A. M. and A. O. The urine residues of patient 
A. G. were extracted twice with equal volumes of bu- 
tanol and the butanol extracts were assayed for radio- 
activity. 

All extracts of plasma and urine, as well as whole 
urine were assayed for radioactivity in the manner previ- 
ously described (13). 

Some of the “free fractions” prepared from maternal 
and cord plasma were chromatographed on paper using 
the Bush (14) system, benzene: methanol: water (100: 
55:45). The following areas of the chromatogram were 
cut out and eluted with ethanol: 1) the origin, 2) the 
zone between the origin and the cortisol area, 3) the 
cortisol area, 4) the zone between the cortisol area and 
that of dihydrocortisone, the latter area being included 
in this zone, 5) the rest of the chromatogram with the 
front included. The ethanol extract was then assayed 
for radioactivity content. 

Control subjects for the present study. The results 
obtained in a group of five normal young adult males of a 
previous study (13) and in two normal non-pregnant fe- 
males (15) were used in the present work as control 
values. The two normal non-pregnant females (subjects 
A. R. and B. A.) were 28 and 31 years of age. The ra- 
dioactive steroid was administered to subject A. R. 19 
days and to subject B. A. 15 days after the beginning of 
the last period. Plasma and urine values of subject B. A. 
were identical to the various mean values for the group 
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FREE FRACTION 


© SUBJECT AO 
e bod aP 
~ aQ 


PER CENT DOSE PER 1000 ML. PLASMA 


GLUCURONOSIDE FRACTION 


240 
MINUTES 


20 40 60 120 240 


AFTER INJECTION 


Fic. 2. PLasMA RADIOACTIVITY IN THE “FREE” AND “GLUCURONOSIDE” FRAC- 
TIONS OF MotHers Wuo Recetvep 4-C™-Cortiso: 24 to 48 Hours Prior To AN 


ELEcTIVE, REPEAT CESAREAN SECTION 


The broken line joins the average of the values obtained in five normal young 


adult males (13) and two normal young adult non-pregnant females (15). 
shaded area shows the range of values for these normal individuals. 


The 
The full 


lines join the values obtained in subjects A. O., A. P. and A. Q. 


of five normal males. Some of the urinary levels of 
subject A. R. were slightly different from the corre- 
sponding mean of the normal males, but they were all in 
the range of variation of the male group. Furthermore, 
sex did not appear to influence the removal of non-iso- 
topic cortisol in a control group of 26 young adults, com- 
prising 12 non-pregnant females and 14 males. Conse- 
quently, it was thought possible to compare the 4-C™- 
cortisol studies in pregnant women with those carried out 
in the two non-pregnant females as well as in the male 
group. 

Our results, for control subjects, are similar to those 
reported by other authors (11). When Peterson and 
Wyngaarden (12) studied the specific activity of cortisol 
in plasma, instead of the total free radioactivity, they ob- 
tained a wider range of variance for the values of half- 
life. This might be due to the fact that the error of the 
chemical technique adds itself to that of the isotopic as- 
say, while the latter one is only involved in the study of 
total free plasma radioactivity (11, 13). 


RESULTS 
Rate of elimination of radioactivity by newborn 
infants 
The cumulative urinary excretion of radioac- 
tivity following 4-C**-cortisol infusion to two new- 


borns is shown in Figure 1 and is compared to the 
average excretion of five normal males (13) and 
two normal females (15). It can be seen that, 
after an initial lag period of 4 to 8 hours, the rate 
of elimination of radioactivity by the two babies 
was similar to that observed in adults, and 48 hours 
after the injection the cumulative excretions were 
81.2 and 83 per cent of the dose. 
Radioactivity in the “free” and “glucuronoside” 

fractions from maternal and cord plasma 

The amount of radioactivity readily extractable 
from maternal plasma by chloroform following 
4-C**-cortisol administration is shown in Table I. 
The results are expressed in per cent of the ad- 
ministered dose per liter of plasma. These values 
were plotted in Figures 2 and 3, and were com- 
pared to the average curve obtained from seven 
normal young adults (13, 15). In most cases the 
logarithms of the values between the first and 
fourth hours fell approximately on a straight line; 
during this period of time, equilibrium probably 
existed between the various compartments of the 
free steroid pool of the body. The average half- 
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Fic. 3. PLasMA RADIOACTIVITY IN THE “FREE” AND THE “GLUCURONOSIDE 


AFTER 


2040 60 120 240 


INJECTION 


” 


FRACTIONS OF MorHers Wuo Recervep 4-C*-Cortiso: 17 To 69 Minutes PRIOR 


To ELectiveE, REPEAT CESAREAN SECTION 


life of the free fraction was then 140 minutes with 
a range of 100 to 180 minutes, compared to 80 
minutes for the control group. 

Six hours after the injection of 4-C’*-cortisol, 
the free fraction was still 1.25 per cent of the dose 
per liter of plasma in patient A. Q., while it was 
only 0.34 per cent (subject B. A.) and 0.20 per 
cent (normal male) in two control individuals. 


Table I and Figures 2 and 3 also show the ra- 
dioactivity extractable from plasma after §-glu- 
curonidase hydrolysis. Two hours after the in- 
jection this fraction was approximately one-half 
or less of that found in normal subjects. 

The simultaneous values for maternal and cord 
plasma are shown in Table I. Their ratio was 
from 2.09 (subject A. L.) to 5.14 (subject A. I.) 


TABLE II 
Paper chromatographic study of the radioactivity readily extractable from plasma with chloroform 


Plasma samples 


Subjects 


injection 


Radioactivity in per cent of total c.p.m. 
applied on chromatogram 


Chromatogram area 


No. 


No.1 No. 3 
(Origin) No.2 (Cortisol) No.4 (Front) 


Control— 20 
Non-pregnant 60 
young adult 120 
female 240 


15-20 
A. E., G., Maternal 20-60 
A. I. 
(Pool)* 
Cord 


Maternal 60 
120-140 


A.0O., A. P. 
(Pool)t 
240 


24.0 0.2 
30.2 0 


28.1 


24.5 
35.0 


20.4 
30.6 
18.0 
24.1 


19.3 
16.6 


* 4-C™-cortisol administered 20 to 60 minutes prior to delivery. 
t 4-C"-cortisol administered 24 and 48 hours prior to delivery. 
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TABLE Ul 
Cumulative urinary radioactivity following injection of 4-C'-cortisol 


(express 


as percentage of the administered dose) 


for the free fraction, and from 2.11 (subject A. E.) 
to 4.75 (subject A. L.) for the glucuronoside 
fraction. 

It was previously noted in control individuals 
that only a fraction of the total free radioactivity 
moved on paper chromatograms in the cortisol 
area (11, 13). The same phenomenon was ob- 
served during late pregnancy, as shown in Table 


II; the percentage of activity corresponding to 
cortisol was rather constant throughout the ex- 
periment and similar to that observed in a non- 
pregnant female (subject B. A.) and in normal 


young adult males (13). Even though no at- 
tempt was made to characterize the extra-cortisol 
radioactivity, it is reasonable to believe that area 
No. 4 of the chromatograms would correspond to 
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The broken line joins the average of the rates obtained in five normal males 


(13) and two normal non-pregnant females (15). 
range of values for these normal individuals. 


tained in the patients studied. 


the dihydro-compounds, while areas Nos. 1 and 2 
would correspond to the 20-hydroxylated metabo- 
lites of cortisol as well as the tetrahydro-com- 
pounds. 


Radioactivity in the urine of mothers and their 
babies 


The activities of the various urinary fractions 
are recorded in Table III. The rate of excretion 
of radioactivity per hour was calculated for the 
individual fractions covering different periods of 
urinary collection. These values were plotted on 
semi-logarithmic paper and the results are shown 
in Figures 4 to 7. These figures show also the 
average values obtained in seven normal subjects 
(13, 15) with the range of variation of these 
values. 

The total 48-hour excretion of radioactivity by 
the various patients was smaller than that of the 
normal subjects of previous studies (13, 15) who 
excreted an average of 87 per cent of the dose. 
This was mainly due to a decreased rate of excre- 
tion during the first 4 hours following 4-C'*- 
cortisol administration (Figure 4). Excretion 


The shaded area shows the 
The full lines join the values ob- 


from the fourth to the twelfth hour was equal to, 
and in some cases higher than, that seen in con- 
trols. After the twelfth hour the values were at 
the lower limit of normal. 

The urinary “free fraction” was within the 
normal range during the first 4 hours (Figure 5), 
but from the fourth to the twelfth hour, the rate 
of excretion in patients studied was three to five 
times higher than found in control subjects. 

Conversely, the amount of radioactivity in the 
urinary “glucuronoside fraction” was lower than 
average during the first 8 hours after 4-C**-cortisol 
injection (Figure 6), following which the values 
approached the lower limits of the control range. 

The amount of radioactivity obtained after 48- 
hour continuous ether extraction at pH 0.8 was 
somewhat larger than the normal values during 
the 4 to 8 hour collection period (Figure 7). 
Thereafter, the rate of excretion was variable. 

Table IV shows the difference between the total 
urinary radioactivity and the sum of the activities 
found in the “free,” “glucuronoside” and “con- 
tinuous extraction” fractions. Following the re- 
moval of these various fractions, the urine residue 
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of patients A. M. and A. O. still contained 21.27 
and 20.71 per cent of the dose, respectively. The 
difference between these two values and the total 
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Fic. 5. Rates oF URINARY EXCRETION OF RADIOACTIVITY READILY EXTRACTABLE 
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Prior To Exective, REPEAT CESAREAN SEcTION (LEFT) AND IN MotHEerRs 
Recervep 4-C“-Cortiso: 17 to 69 Minutes Prior To SEcTION (RIGHT) 


See legend for Figure 4. 


radioactivity unaccounted for (approximately 10 
per cent of dose) probably represents the sum of 
the experimental errors (handling and counting 
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of each individual urine sample) made up to that 
point. In patient A. G., the butanol extract of 
the urine residue contained only 10.1 per cent of 
the dose and it seems that butanol does not extract 
all the activity left over in the urine after removal 
of “free,” “glucuronoside” and “continuous extrac- 
tion” fractions. 


DISCUSSION 


During pregnancy, near term, and during de- 
livery by “elective, repeat cesarean section,” the 
intravenously administered cortisol disappeared 
rapidly from the circulation as it did for the group 
of control subjects. The first 30 to 60 minutes ap- 
peared to represent the period of time required for 
the radioactive steroid to come into equilibrium 
with the non-radioactive cortisol in the various 
body compartments. Prior to the onset of labor, 
the chloroform-soluble radioactivity in the plasma 
disappeared much more slowly than in the con- 
trol subjects despite the increase in blood volume 
observed in pregnant women (16). These find- 
ings demonstrated a rather marked modification 
in the metabolism of 4-C**-cortisol. When the 
surgical stress associated with the cesarean section 
intervened shortly after the administration of ra- 


dioactive steroid (69 minutes or less), the curves 
of the “free” and “glucuronoside” fractions in 
plasma were similar to those found in patients who 
had received 4-C**-cortisol 24 to 48 hours prior 
to delivery; the rise in plasma 17-OH-CS levels 
observed following this surgical procedure (6) 
would, therefore, appear to be due to a true in- 
crease in adrenal function. 

In the maternal plasma, the amount of radio- 
activity freed by £-glucuronidase hydrolysis was 
smaller than that found in the controls but not 
absolutely nil. However, we have been unable, up 
to this time, to measure the Porter-Silber chromo- 
gens in the plasma of pregnant women when using 
the method described by Bongiovanni (17) for the 
estimation of conjugated 17-OH-CS. A pink 
color was observed during the development of the 
reaction which did not appear to be due to the 
presence of an increased amount of estrone, estra- 
diol, estriol or pregnane-3a, 20a-diol in the plasma 
extract obtained after £-glucuronidase hydrolysis. 
Our inability to measure the conjugated 17-OH-CS 
by the Porter-Silber reaction must be due, tnere- 
fore, to interference by some other material rather 
than the total absence of the glucuronoside of the 
17-OH-CS. 
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TABLE IV 


Comparison of unaccounted for urinary radioactivity following removal of ‘‘free,” 


“‘olucuronoside’ and 


“continuous extraction” fractions and 
radioactivity found in urine residue 


PATIENT A.G. 


Ie 


DOSE 


2.32 
1.18 
0.31 


5073 
8.68 
6.15 
2.19 


21227 


20.71 | 28.19 10,10 


1.033 


0.264 0.200 


0.2h 
0.14 


0.750 
0k77 


0.139 


baal 
48 


Total 


1.571] 1.233 


0.260] 0.139] 1.227] 0.38 


* Difference between total urinary radioactivity and the sum of activities in 
“free,” “glucuronoside”’ and ‘continuous extraction” fractions. 
** Radioactivity in urine residue following removal of “free, 


66 


glucurono- 


side” and ‘‘continuous extraction” fractions. 


*** Radioactivi 


In patients with cirrhosis of the liver, it has been 
shown that following cortisol administration the 
rate of disappearance of free 17-OH-CS was much 
slower than normal, due to an impairment of the 
rate of conjugation of the metabolites of cortisol 
(18, 19). A similar situation is observed during 
late pregnancy. However, in the cirrhotic patients, 
the resting levels of free plasma 17-OH-CS have 
been reported to be normal, while in pregnant 
women they are elevated. It would appear that 
during pregnancy the control mechanism of homeo- 
stasis is impaired, as it appears to be in dying pa- 
tients (20). It is not possible at present to ex- 
plain the reasons for such an impairment. 
Chloroform extractable radioactivity was de- 
tected in cord blood, confirming the fact that cor- 
tisol and/or its free metabolites can cross the 
“placental barrier” (7). The radioactive steroids 
appeared to reach the fetus very rapidly since they 
were found in cord plasma of baby A. G. 17 min- 
utes after the injection of 4-C**-cortisol into the 
mother. It was interesting to note that the ratio 
of maternal to cord free radioactivity was in the 


in butanol extract of urine residue following removal of 
‘free,’ “‘glucuronoside”’ and ‘‘continuous extraction’’ fractions. 


same range as that observed after the administra- 
tion of non-isotopic cortisol to the mother. When 
the steroid was administered 24 to 48 hours prior 
to delivery, no radioactivity was measurable in 
either maternal or cord blood at delivery time. 

The amount of radioactivity liberated from cord 
plasma by £-glucuronidase hydrolysis was small 
but significant (Table 1). The ratio of maternal 
to cord values of conjugated steroids was in the 
same range as that observed for the free com- 
pounds but there was no direct relationship be- 
tween the two; that is, the highest values for the 
ratio of the free compounds did not necessarily 
correspond to the highest values for the conjugates. 
It is not clear whether the conjugated steroids 
found in cord blood came from the mother as such 
or if they were the result of the fetal metabolism of 
the free steroids which crossed the “placental 
barrier.” 

The fact that no radioactivity, free or conju- 
gated with glucuronic acid, was found in the cord 
blood 24 to 48 hours after the administration of 
4-C'*-cortisol to the mother would suggest that 
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the fetus has means of disposing of cortisol and its 
metabolites. They could either be excreted into 
the amniotic fluid or returned to the maternal 
circulation. 

In the present study it was observed that the 
total amount of urinary radioactivity excreted by 
the mothers was significantly smaller than that 
eliminated by normal individuals. Urine col- 
lections were completed prior to the surgical pro- 
cedure only in subject A. P. In subject A. O., 
only the first 24-hour collection was terminated 
prior to surgery. From these limited data, it 
would appear that during pregnancy, near term, 
the rate of excretion of total radioactivity follow- 
ing 4-C"*-cortisol administration is somewhat 
slower than in normal individuals.* However, the 
total urinary excretion represents the sum of 
various groups of metabolites and it was found 
that the “glucuronoside fraction” only was mark- 
edly diminished while the “free fraction” was in- 
creased; since the glucuronoside fraction consti- 
tutes a much larger percentage of the total, it is 
understandable that the total urinary radioactivity 
would be decreased. 

We have already mentioned above that, follow- 
ing 4-C**-cortisol administration to the mothers, 
the half-life of free radioactivity in plasma was 
almost twice that of normal, and the total amount 
of urinary radioactivity was probably smaller 
than normal. At the same time, the plasma levels 
of free 17-OH-CS during pregnancy, near term, 
and prior to the onset of labor were found to be 
not more than twice the 8 to 9 A.M. levels of con- 
trol subjects. It would appear, therefore, that 
there is no real increase in the production of 
adrenocortical steroids in pregnancy, but rather 
a decreased rate of catabolism of the corticosteroids 
produced.® It would seem to follow that the uri- 
nary excretion of corticosteroids during pregnancy, 
near term, should not be different from that of 
non-pregnant adult females; this is in contradic- 
tion to the interpretation of most results reported 
to date in the literature. An increased urinary 
excretion of glucocorticoids during pregnancy has 


4 Similar results have been obtained in two other pa- 
tients (subjects A. T. and A. U.) who received 4-C*- 
cortisol 48 hours prior to surgery (21). 

5 The same conclusion was drawn by Mills (31) from 
his work on plasma free cortisol levels and 17-ketogenic 
steroid excretion during pregnancy. 


CLAUDE J. MIGEON, JEAN BERTRAND, AND PATRICIA E. WALL 


been reported by Venning (22). Heard, Sobel 
and Venning (23), Jailer (24), and Devis (25) 
have noted an increased excretion of neutral re- 
ducing lipids. An elevation in the urinary levels 
of formaldehydrogenic substances and the steroids 
reacting with dinitrophenylhydrazine has also been 
reported by Tobian (26), and by Jayle, Desgrez, 
Serpicelli, and Rozeg (27), respectively. How- 
ever, Gray (28) found that free cortisone excre- 
tions were higher than normal while the concen- 
tration of tetrahydrocortisone, obtained only after 
hydrolysis, was in the control range or perhaps 
slightly lower. Our data tend to support his 
findings and those of Devis (25) who reported a 
marked increase in the free 17-hydroxycorticoids 
in the urine of pregnant women. In the bioassay 
employed by Venning, Kazmin, and Bell (29), the 
free corticosteroids are not removed prior to pH 
1.0 hydrolysis and it is probable that cortisol and 
cortisone are biologically more potent than their 
tetrahydro derivatives. It is conceivable, there- 
fore, that the increase in glucocorticoid concentra- 
tion observed by Venning (22) might be related to 
the increased proportion of free compounds ex- 
creted in the terminal phase of pregnancy. The 
methods which measure neutral reducing lipids 
or formaldehydogenic steroids are known to be 
relatively nonspecific. It is possible that some of 
the other steroids and/or their metabolites which 
are produced and excreted in large amounts dur- 
ing pregnancy might interfere with the measure- 
ment of urinary corticosteroids by these tech- 
niques. On the other hand, the determination of 
urinary 17,21-dihydroxy-20-ketones by the reac- 
tion of Porter and Silber (30) is probably some- 
what more specific ; little or no increase in urinary 
corticoids was observed during pregnancy when 
using this technique (25, 27). Little change in 
17-ketogenic steroid excretion was also reported 
(31). 

If we assume that the newborn disposes of the 
radioactive steroids received from the mother in 
the same manner that he does following the intra- 
venous administration of a given dose of 4-C**- 
cortisol, the total amount of urinary radioactivity 
excreted in the first 48 hours following birth would 
represent approximately 80 per cent of the total 
radioactivity which crossed the placental barrier ; 
that is, 2 to 3 per cent of the dose administered 
to the mother. However, this assumption might 
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not be entirely true since it is possible that ma- 
ternal conjugated steroids cross the “placental 
barrier,” and because it is also probable that free 
and/or conjugated steroids are returned from the 
fetus to the mother, the entire process being a 
dynamic phenomenon. 

When each urinary fraction excreted by the 
baby was expressed in percentage of the total out- 
put of radioactivity, the values for the glucurono- 
side fraction ranged from 3.9 to 20 per cent of the 
total with an average of 12 per cent, while the 
average for 7 normal adults was 51.6 per cent and 
that of the mothers studied was 27.5 per ‘cent. 
The newborn appeared to have a diminished abil- 
ity to conjugate cortisol metabolites with glucu- 
ronic acid. The pattern of the other urinary frac- 
tions did not differ greatly from that observed 
in normal adults, and consequently the amount 
of urinary radioactivity unaccounted for following 
the various hydrolyses was very large. As seen 
in Table III, a large amount of this activity was 
left in the urine and even butanol did not appear 
to remove it completely. The same phenomenon 
was observed in normal adults but to a lesser de- 
gree. It would seem that there are modes of con- 
jugation of steroids with compounds other than 
sulfuric acid, and it is possible that the newborn, 
because of his partial inability to conjugate with 
glucuronic acid, would use these other modes of 
detoxification to a larger extent than does the 
normal adult. 

The sum of the amounts of radioactivity ex- 
creted by the mother and her baby appeared to be 
somewhat smaller than the total urinary excretion 
observed in control subjects. We have some indi- 
cation that some of this activity was trapped in the 
placenta and that some of it could be detected in 
amniotic fluid. It must also be noted that when 
4-C*-cortisol was administered shortly prior to 
the surgical procedure, a certain amount of the 
hormone was contained in the 500 to 750 ml. of 
blood lost by the mother at the time of delivery. 
Another possibility is that the mother might ex- 
crete amounts of fecal radioactivity larger than 
normal. Further work is in progress to study 
this problem. 


SUMMARY 


The metabolism of 4-C**-cortisol during preg- 
nancy, near term, was found to be markedly al- 
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tered. In plasma, the half-life of free radioac- 
tivity was twice that observed in control subjects 
and the amount of radioactivity released by B-glu- 
curonidase hydrolysis was smaller than normal. 
The total amount of urinary radioactivity excreted 
was diminished, with an increase in the “free 
fraction” and a decrease in the “glucuronoside 
fraction.” These data suggest that the increase 
in plasma free 17-hydroxycorticosteroids observed 
near term is related to a slower rate of catabo- 
lism of cortisol rather than to a more rapid rate of 
its production. 

Similar results were obtained when the surgical 
procedure of elective, repeat cesarean section was 
performed 17 to 69 minutes after the administra- 
tion of the radioactive steroid. The increase in 
plasma free 17-hydroxycorticosteroids observed 
following this procedure would then appear to be 
related to a real increase in cortisol production 
rather than solely to an interference in its catabo- 
lism. 

In cord plasma, the amounts of free radioactivity 
and that released by f-glucuronidase hydrolysis 
were one-half to one-fifth those of the correspond- 
ing mother; this confirmed the observation that 
cortisol and/or its free metabolites can cross the 
“placental barrier.” 

No radioactivity, free or conjugated with glu- 
curonic acid, was found in cord plasma 24 to 48 
hours after 4-C*‘-cortisol administration to the 
mother; this suggested that the fetus has means 
of disposing of cortisol and its metabolites. 

The total amount of radioactive steroid crossing 
the placenta appeared to represent 2 to 3 per cent 
of the dose administered to the mother. However, 
this might be too low a figure if some of the ster- 
oids are returned from the fetus to the mother. 


ACKNOWLEDGMENTS 


The authors are indebted to Drs. Lawson Wilkins and 
Nicholson J. Eastman for their great interest in this 
work. 


REFERENCES 


1. Gemzell, C. A., Blood levels of 17-hydroxycorticos- 
teroids in normal pregnancy. J. Clin. Endocrinol. 
& Metab., 1953, 13, 898. 

2. Morris, C. J. O. R., and Williams, D. C., Estimation 
of individual adrenocortical hormones in human 
peripheral blood in Ciba Foundation Colloquia on 
Endocrinology. London, J. & A. Churchill Ltd., 
1953, vol. 7, p. 261. . 


= 
it 
aA 


1362 


CLAUDE J. MIGEON, JEAN 


3. Bayliss, R. I. S., Browne, J. C. McC., Round, B. P., 


and Steinbeck, A. W., Plasma-17-hydroxycorticos- 

teroids in pregnancy. Lancet, 1955, 1, 62. 

. Robinson, H. J., Bernhard, W. G., Grubin, H., Wan- 

ner, H., Sewekow, G. W., and Silber, R. H., 17,21- 

dihydroxy-20-ketosteroids in plasma during and 

after pregnancy. J. Clin. Endocrinol. & Metab., 

1955, 15, 317. 

. Assali, N. S., Garst, J. B., and Voskian, J., Blood 

levels of 17-hydroxycorticosteroids in normal and 

toxemic pregnancies. J. Lab. & Clin. Med. 1955, 

46, 385. 

. Migeon, C. J., Keller, A. R., and Holmstrom, E. G., 

Dehydroepiandrosterone, androsterone and 17-hy- 

droxycorticosteroid levels in maternal and cord 

plasma in cases of vaginal delivery. Bull. Johns 

Hopkins Hosp., 1955, 97, 415. 

. Migeon, C. J., Prystowsky, H., Grumbach, M. M., 

and Byron, M. C., Placental passage of 17-hydroxy- 

corticosteroids: comparison of the levels in ma- 
ternal and fetal plasma, and effect of ACTH and 
hydrocortisone administration. J. Clin. Invest., 

1956, 35, 488. 

. Gemzell, C. A., Variations in plasma levels of 17- 

hydroxycorticosteroids in mother and infant fol- 

lowing parturition. Acta endocrinol., 1954, 17, 

100. 

. Klein, R., Fortunato, J., and Papadatos, C., Free 

blood corticoids in the newborn infant. J. Clin. 

Invest., 1954, 33, 35. 

. Hellman, L., Bradlow, H. L., Adesman, J., Fuku- 

shima, D. K., Kulp, J. L., and Gallagher, T. F., 

The fate of hydrocortisone-4-C* in man. J. Clin. 

Invest., 1954, 8, 1106. 

. Peterson, R. E., Wyngaarden, J. B., Guerra, S. L., 

Brodie, B. B., and Bunim, J. J., The physiological 

disposition and metabolic fate of hydrocortisone 

in man. J. Clin. Invest., 1955, 34, 1779. 

. Peterson, R. E., and Wyngaarden, J. B., The miscible 

pool and turnover rate of hydrocortisone in man. 

J. Clin. Invest., 1956, 35, 552. 

. Migeon, C. J., Sandberg, A. A., Decker, H. A., Smith, 

D. F., Paul, A. C., and Samuels, L. T., Metabolism 

of 4-C*-cortisol in man: Body distribution and 

rate of conjugation. J. Clin. Endocrinol. & Metab., 

1956, 16, 1137. 

. Bush, I. E., Methods of paper chromatography of 
steroids applicable to the study of steroids in mam- 
malian blood and tissues. Biochem. J., 1952, 50, 
370. 

. Migeon, C. J., Unpublished data. 

. Gemzell, C. A., Robbe, H., and Sjéstrand, T., Blood 

volume and total amount of haemoglobin in nor- 


17. 


18. 


BERTRAND, AND PATRICIA E, WALL 


mal pregnancy and the puerperium. Acta obst. et 
gynec. Scandinav., 1954, 33, 289. 

Bongiovanni, A. M., Detection of corticoid conju- 
gates in human blood. J. Clin. Endocrinol. & 
Metab., 1954, 14, 341. 

Brown, H., Willardson, D. G., Samuels, L. T., and 
Tyler, F. H., 17-hydroxycorticosteroid metabolism 
in liver disease. J. Clin. Invest., 1954, 33, 1524. 


. Bongiovanni, A. M., Eberlein, W. R., Grumbach, 


M. M., Van Wyk, J. J., and Clayton, G., Conju- 
gates of adrenal corticoids in human plasma. 
Proc. Soc. Exper. Biol. & Med., 1954, 87, 282. 


. Sandberg, A. A., Eik-Nes, K., Migeon, C. J., and 


Samuels, L. T., Metabolism of adrenal steroids in 
dying patients. J. Clin. Endocrinol. & Metab., 
1956, 16, 1001. 


. Migeon, C. J., Bertrand, J., Wall, P. E., Stempfel, 


R. S., and Prystowsky, H., Metabolism and pla- 
cental transmission of cortisol during pregnancy, 
near term in Ciba Foundation Colloquia on Endo- 
crinology. London, J. & A. Churchill Ltd., 1957, 


In press. 


. Venning, E. H., Adrenal function in pregnancy. En- 


docrinology, 1946, 39, 203. 


. Heard, R. D. H., Sobel, H., and Venning, E. H., The 


neutral lipide-soluble reducing substances of urine 
as an index of adrenal cortical function. J. Biol. 
Chem., 1946, 165, 699. 


. Jailer, J. W., Adrenal function during pregnancy and 


the effect of ACTH during pregnancy in Proc. Sec- 
ond Clinical ACTH Conference. New York, The 
Blakiston Co., 1951, vol. 1, p. 77. 


. Devis, R., L’élimination des corticoides au cours de 


la grossesse. Gynéc. et obst., 1954, 53, 57. 


. Tobian, L., Jr., Cortical steroid excretion in edema 


of pregnancy, pre-eclampsia and essential hyperten- 
sion. J. Clin. Endocrinol., 1949, 9, 319. 


. Jayle, M.-F., Desgrez, P., Serpicelli, J., and Rozeg, 


J., Dosage des corticoides urinaires aprés hydro- 
lyse biologique. Ann. d’endocrinol., 1953, 14, 877. 


. Gray, C., Excrétion des hormones chez la femme 


diabétique enceinte. Ann. d’endocrinol,, 1954, 15, 


22. 


. Venning, E. H., Kazmin, V. E., and Bell, J. C., Bio- 


logical assay oi adrenal corticoids. Endocrinology, 
1946, 38, 79. 


. Porter, C. C., and Silber, R. H., A quantitative color 


reaction for cortisone and related 17,21-dihydroxy- 
20-ketosteroids. J. Biol. Chem., 1950, 185, 201. 


. Mills, I. H., Adrenal steroid metabolism: studies in 


pregnancy in relation to the general problem. 
M.D. Thesis, University of Cambridge, 1956. 


4 
|| 
5 
7 
22 
1 
= 
29 
1 


A SIMPLE NEPHELOMETRIC METHOD FOR THE DETERMINATION 
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The measurement of lipoproteins in human se- 
rum is generally carried out by one of the follow- 
ing techniques: ultracentrifugal flotation (1-4) ; 
zone electrophoresis and subsequent staining of the 
lipids (5, 6) ; electrophoresis followed by choles- 
terol and/or phospholipid determinations on elu- 
ates of the supporting medium (7-9) ; and frac- 
tional precipitation of the serum proteins by 
ethanol at low salt concentrations, followed by 
lipid analyses of the fractions (10-13). 

In the present paper, a new method of determi- 
nation will be described which is specific for 
B-lipoprotein. This new method is distinguished 
from the above-mentioned ones by its marked 
simplicity and rapidity. It is based on a new 
principle: the fact that f-lipoprotein is the only 
protein of human serum which is precipitated by 
sulfated amylopectin at pH 8.6 (14, 15). At high 
dilutions of the serum, the resulting precipitate is 
highly dispersed, and its quantity can be esti- 
mated nephelometrically. 


METHOD 


Reagents. Sulfated amylopectin was obtained as the 
potassium salt (with 15 to 17 per cent S), after treat- 
ment of corn amylopectin for five hours at 70° C. with 
chlorosulfonic acid in pyridine (16). Amylopectin was 
prepared by the method of Schoch (17) and care was 
taken to remove all amylose. “Tris” buffer? of pH 8.6 
at 23° C. and of ionic strength «=0.05 was prepared 
according to Gomori (18). 

Procedure. Serum is obtained by centrifugation of 
clotted blood in a clinical centrifuge at 2,000 rpm. Only 
markedly turbid sera have to be cleared, e.g., by centri- 
fuging them for twenty minutes in a high speed attach- 


1 This investigation was supported in part by research 
grant H-2025 from the National Institutes of Health, 
Public Health Service, and by an Institutional Grant of 
the American Cancer Society, Inc., New York, New York. 

2 Trishydroxymethylaminomethane, purchased as Sigma 
7-9 from Sigma Chemical Company, St. Louis, Missouri. 


ment of an International centrifuge at 20,000 rpm. An 
aliquot of 0.1 ml. of serum is diluted to 25 ml. with Tris 
buffer in a volumetric flask, and the turbidity of this 
solution is measured in a %-inch fused black cell of a 
Fisher Nefluoro-Photometer. The solution is poured 
back into the volumetric flask and 0.15 ml. of a 0.1 per 
cent solution of sulfated amylopectin are added. After 
mixing the contents, the turbidity is determined in the 
same cell as before. 

The instrument is adjusted to 100 per cent transmittance 
by the use of a %-inch fused black cell containing a 
freshly prepared turbidity reference solution. The latter 
is obtained by mixing 10 ml. of 0.16 mM K,SO,, 2 ml. of 
2N HCI and 2 ml. of 0.5 M BaCl, containing also 1 Gm. 
of polyvinylalcohol* per 100 ml. to maintain the BaSO, 
in suspension. Since the BaSO, slowly deposits in spite 
of the polyvinylalcohol, this solution cannot be used as 
a reference for longer periods of time than one hour 
after it has been prepared. Solutions of various high 
polymers can be advantageously used as stable turbidity 
standards, after they have been compared to a freshly 
prepared BaSQ, standard. A 1 per cent solution of 
PVM/MA, half amide, type 30,5 is well suited for this 
purpose since it does not change its turbidity for long 
periods of time. 

The scattered light due to the turbidity is measured 
by reading the dial scale, termed per cent transmittance, 
and the concentration of 8-lipoprotein is expressed as the 
difference in turbidity between the readings with and 
without added sulfated amylopectin. This value is called 
the nephelometric index of B-lipoprotein. A correction 
can be made for the turbidity of the sulfated amylopectin 
which is, however, very small. Recent experiments car- 
ried out with the Coleman Nephelometer using commercial 
nephelos standards have given excellent results. 


3 It has been found that centrifugation of normally clear 
serum at 20,000 rpm for 45 minutes does not alter the 
results obtained with the method described herein. 

4 Elvanol, duPont, grade 71-24. 

5A copolymer of methyl vinyl ether and maleic an- 
hydride, manufactured by The General Aniline and Film 
Corp., New York, New York. 

6 Symbols used in the statistical evaluations have been 
taken from Dixon, W. J., ard Massey, F. J., An Intro- 
duction to Statistical Analysis. New York, McGraw- 
Hill & Co., 1951. 
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EXPERIMENTAL 

Specificity of the reaction 

Previous experiments using the moving bound- 
ary technique of electrophoresis have clearly shown 
that among all serum proteins only 8,-globulin is 
precipitated by sulfated amylopectin (15). Addi- 
tional evidence indicating the specificity of this 
reaction for £,-globulin was obtained by an inde- 
pendent method. When human serum was frac- 
tionated by zone electrophoresis in a medium of 
starch granules, according to Kunkel and Slater 
(9), only the fractions with the mobility of £,- 
globulin were found to produce turbidities with 
sulfated amylopectin (see Figure 1). All other 
fractions containing albumin, a,-, a,-, B,- and 
y-globulin did not react more appreciably with the 
polysulfate ester than the eluates containing no 
protein (fractions —8 to —3 and 16 to 21). 
Further characterization of the precipitated £,- 
globulin has revealed its lipoprotein nature with a 
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Fie. 1. 
TIONS OBTAINED FROM 
ELECTROPHORESIS 


Electrophoresis of 1.6 ml. of normal human serum in 
a square cuvette of 4.5 cm.” sectional area, using a sup- 
porting medium of potato starch granules, and Tris- 
citrate buffer of pH 8.6 and ionic strength 0.06, electric 
field 3.3 volts per cm. during 22 hours. One-cm. wide 
sections of the medium were eluted with 3 ml. of 0.9 per 
cent saline. Protein analyses (bar diagram) were per- 
formed on 0.1-ml. aliquots according to Lowry, Rose- 
brough, Farr, and Randall (19), A, a, a, 8, and 7 be- 
ing the portions of albumin and the corresponding globu- 
jins. The apparent cathodic migration of y-globulin was 
due to electro-osmotic flow. The nephelometric analyses 
(heavy line) were carried out on 2 ml.-aliquots in the 
presence of 3007 crystalline bovine serum albumin to 
stabilize 8-lipoprotein. 


ratio of lipide to polypeptide content (on a weight 
basis) of about 3 to 1 (15). The precipitated se- 
rum protein can, therefore, be considered to be 


8-lipoprotein. 


Stability of the turbidity 

Under the conditions of the procedure, the 
finely dispersed precipitate of B-lipoprotein with 
sulfated amylopectin neither deposits nor floats to 
the surface. Consequently, it is immaterial 
whether the nephelometric reading is carried out 
immediately after the addition of the reagent, or 
later (see Table I). 


Concentration of sulfated amylopectin 


The concentration of sulfated amylopectin used 
in this procedure is 150 y per 25 ml. of reaction 
mixture with 0.1 ml. of serum; a maximal tur- 
bidity is obtained at this concentration of sulfated 
amylopectin (see Figure 2). Under these con- 
ditions, slight errors in the amount of sulfated 
amylopectin added would produce only negligible 
errors in the resulting turbidity. 


Nature of the precipitant 


Among all substances tested, sulfated amylopec- 
tin yields the highest turbidities and, hence, the 
greatest sensitivity of the method. The degree of 
sulfation of amylopectin is without importance for 
the nephelometric index, provided that at least 
two of the three available hydroxyl groups of the 
repeating unit in amylopectin are sulfated. 
Slightly lower turbidity values are obtained when 
the reagent is contaminated with sulfated amylose. 
This happens when amylose was not completely 
removed from amylopectin before sulfation. 


TABLE I 


Stability of the turbidity obtained after addition of 
sulfated amylopectin to serum 


Nephelometric index, read at different 
time intervals after the addition of 
sulfated amylopectin to serum 


After After 
15 min. 75 min, 


After 
24 hours 
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1 52.5 52 51 : 
2 44 46.5 46.5 
3 48 47 45 
4 51.5 52.5 52.5 
5 48 47 47 
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Fic. 2. RELATIONSHIP OF NEPHELOMETRIC INDEX TO 
CONCENTRATION OF SULFATED AMYLOPECTIN, WHEN 
Wuote Serum 1s Usep as THE Source OF LIPOPROTEIN 


Each sample contained 0.1 ml. of serum (from a single 
batch) and the amount of sulfated amylopectin indicated 
on the abscissa, in a total volume of 25 ml. Tris buffer. 
With the use of preparations of isolated f-lipoprotein, a 
maximum of the nephelometric index was found at 0.03 
mg. sulfated amylopectin per sample. 


Linearity of the reaction 


The nephelometric index has been found to be 
proportional to the concentration of £-lipoprotein 
(see Figure 3). The lipoprotein used in this ex- 
periment was obtained by ultracentrifugation of 
normal human serum for 22 hours in a No. 40 
head of the Spinco Model L ultracentrifuge at 
40,000 rpm, average of 105,400 x G, in a saline 
density tube (20). Fractional withdrawal of the 
solution from the density gradient tube yielded a 
fraction (at a density of the solution of d = 1.030) 
containing lipoprotein with 70.5 per cent total 
lipides and a ratio of total cholesterol to phospho- 
lipide of 1.23 (on a weight basis), and which mi- 
grated as a single peak on moving boundary elec- 
trophoresis, with a mobility of 3.5 to 3.7 x 10° 
cm.” sec.-? volt. 


Sensitivity and precision of the method 


According to the data in Figure 3, the method 
is sensitive to less than 100 y of B-lipoprotein per 
sample. When preparations of isolated f-lipo- 
protein are assayed, the precision of the method is 
characterized by a standard error of estimate of 
5.85, calculated from the data in Figure 3. With 
whole serum, the precision is much higher (see 
Figure 4), apparently because of a stabilization of 
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NEPHELOME TRIC 


05 Ke) 
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Fic. 3. RELATIONSHIP OF NEPHELOMETRIC INDEX TO Con- 
CENTRATION OF 8-LIPOPROTEIN 

Each sample contained the amount of §-lipoprotein 
indicated on the abscissa, 0.3 mg. crystalline bovine serum 
albumin to stabilize the lipoprotein and 0.03 mg. sul- 
fated amylopectin in a total volume of 25 ml. of Tris 
buffer. The concentration of §-lipoprotein was calcu- 
lated by adding up the concentrations of total polypeptide 
(according to Lowry and co-workers [19]) and total 
lipide. This value was within 5 per cent of the dry weight 
of the preparation after exhaustive dialysis against dis- 
tilled water. The solid line represents the estimated 
regression line. 


the lipoprotein by its environment of serum pro- 
teins. Thus, a standard error of estimate of 1.61 is 
obtained from the data in Figure 4, with a confi- 
dence interval of + 3.4 to + 3.6 nephelometric 
units over the whole range of observation, for a 
level of significance of a = 5 per cent. 


Influence of inherent turbidity of serum 


The inherent turbidity of the serum sample does 
not influence the nephelometric lipoprotein index, 
since the results have been found to be unchanged 
when turbid sera are cleared by centrifugation. 
It is recommended, however, to clear highly tur- 
bid serum samples in order to prevent a shifting 
of the turbidity readings into too high levels. 


Comparison of the nephelometric index with elec- 
trophoretic and ultracentrifugal data 
Table II shows the relationship between the 
turbidity obtained upon addition of sulfated amylo- 
pectin to serum at high dilutions (nephelometric 
index) and the amount of £,-globulin precipitated 
at higher concentrations of serum. The latter 
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INDEX 


NEPHELOME TRIC 


“904 008 Ol2 ole 
ml of Serum 


Fic. 4. RELATIONSHIP OF NEPHELOMETRIC INDEX TO 
AMOUNT OF SERUM 


Each sample contained the amount of serum indicated 
on the abscissa and 0.15 mg. sulfated amylopectin in a 
total volume of 25 ml. Tris buffer. 


data were calculated from the difference in ab- 
solute area measurements of the electrophoretic 
patterns (21) obtained with and without the ad- 
dition of sulfated amylopectin. Due to the lipo- 
protein nature of the precipitate (15), a correc- 
tion had to be made for the difference in refractive 
indices between simple proteins and lipoproteins 
of low densities (22). Thus, the protein concen- 
tration which would have been obtained for simple 
proteins has been multiplied by a factor of 1.09, 
representing the ratio of the refractive index in- 


TABLE II 


Comparison of electrophoretic and nephelometric data on the 
effect of addition of sulfated amylopectin to serum 


Increase in 
turbidity 
(nephelometric 

index )t 


Decrease in 

8-globulin from 

Subject electrophoretic 
number analyses* 


phoretic to 
nephelometric 


(mg. per 100 ml.) 
490 + S0t 
490 + 50 
480 + 50 
640 + 50 
490 + 50 
390 + 50 
510 + 50 
490 + 50 


He He He HE 


Mean 


* Determined from the difference in absolute area meas- 
urements of the electrophoretic patterns, according to 
Tiselius and Kabat (21), and corrected for the refractive 
index increment of lipoglobulin (see text). 

For definition of nephelometric index, see text. 

error of the measurement. 


crements of simple proteins to B-lipoprotein (23). 

Statistical evaluation of the data in Table II 
yields regression coefficients A = 41.3 and B= 
0.0826, with a standard error of the estimate 
Sy.x = 2.36. It was assumed in this evaluation 
that the regression line would pass through the 
origin. This assumption appears to be experi- 
mentally justified, since the nephelometric index 
was found to be zero for a serum which has been 
treated with sulfated amylopectin and from which 
the resulting precipitate was removed by centri- 
fugation, from which the excess sulfate ester was 
then removed by its precipitation as the barium 
salt, and from which the excess of barium ion was 
finally removed by dialysis. Further statistical 
evaluation has shown that there is excellent agree- 
ment between these two methods. In fact, a t 
value of 6.31 was obtained in testing the hypothe- 
sis that there is no relationship; such a hypothesis 
would be acceptable only if t were between — 2.45 
and 2.45 (level of significance a = 2.5 per cent, 
df. = 6). 

Data for lipoprotein analyses by the nephelo- 
metric method and by the ultracentrifugal flotation 
technique * are compared in Table III, and their 
statistical evaluation is presented in Table IV. 
No significant agreement between nephelometric 
measurements and any of the routinely computed 
ultracentrifugal Sf ranges can be observed. 


DISCUSSION 


Quantitative interpretation of the nephelometric 
index 


The new nephelometric method has been ap- 
plied to whole serum as well as to isolated 8-lipo- 
protein. The use of purified lipoprotein has pre- 
sented certain difficulties, due mainly to the 
instability of lipoprotein preparations. These 
difficulties have been largely overcome by the ad- 
dition of bovine serum albumin to the lipoprotein 
sample. On the basis of data obtained with iso- 
lated 8-lipoprotein preparations (Figure 3), the 
nephelometric index would have to be multiplied 
by a factor of 14.65 in order to convert it into a 
value indicating f-lipoprotein in y per sample, 


7 The ultracentrifugal experiments were performed by 
Dr. A. J. Barak, Department of Biochemistry, The Uni- 


versity of Nebraska, College of Medicine, Omaha, 


Nebraska. 
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Ratio of 
electro- 
values 
1 42 11.7 1 
2 42 11.7 1 
3 38 12.6 1 
4 49.5 12.9 1 
5 41 12.0 1 
6 35.5 11.0 M1 
7 43.5 11.7 1 
8 39 12.6 M1 
= 12.0 + 1 
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TABLE Il 
Comparison of nephelometric 8-lipoprotein values to ultracentrifugal flotation data * 


Ultracentrifugal flotation xaluce for lipoproteins 
) 


(me. per 100 ml. 
Subject Nephelometric 
number index Sf 0-12 Sf 12-20 Sf 20-100 Sf 100-400 Sf @-400 
9 43 284 22 51 15 372 
10 49.5 267 42 34 12 355 
11 43 262 64 100 15 441 
12 39 250 17 29 15 311 
13 46 348 25 54 12 439 
14 45 309 27 12 12 360 
15 53.5 360 34 56 17 467 
16 43 351 25 49 17 442 
17 40 311 27 96 17 451 
18 49.5 306 27 34 12 379 
19 50.5 367 15 34 22 438 
20 46.5 345 27 74 17 463 


* The ultracentrifugal experiments were performed by Dr. A. J. Barak, Department of Biochemistry, University of 


Nebraska College of Medicine, Omaha, Nebraska. 


and by the same factor to yield mg. of £-lipo- 
protein per 100 ml. of serum, provided a sample 
of 0.1 ml. of serum has been used for the analyses. 

Another way of interpreting quantitatively the 
nephelometric index is the use of electrophoretic 
data presented in Table II in which the nephelo- 
metric index is compared to the decrease of £,- 
globulin upon addition of sulfated amylopectin to 
serum. Thus, multiplication of the nephelometric 
index by 12.0, the mean value of the ratio of elec- 
trophoretic to nephelometric results, or by 12.1, 
the reciprocal of the regression coefficient (B = 
0.0826), also yields a 8-lipoprotein value in mg. 
per 100 ml. of serum. 

Due to the marked heterogeneity of serum lipo- 
proteins with respect to molecular weight, density, 
lipid content and lipid constituents, the various 
methods for their determination do not cover ex- 
actly the same range of individual lipoproteins and, 


hence, ‘they do not yield identical results. In the 
light of these considerations, the discrepancy be- 
tween the two factors of 14.65 and 12.1 is not sig- 
nificant. We tend, however, to give preference to 
the value of 12.1 since the factor of 14.65 has been 
obtained with the use of a lipoprotein preparation 
which may contain diverse impurities. 


Sources of error 


The main source of error in this procedure is 
the interference with extraneous turbid materials, 
e.g., dust or traces of any water insoluble matter 
which might remain in the glassware after clean- 
ing. For this reason, the above-described pro- 
cedure provides that the two nephelometric read- 
ings, 1.¢., with and without precipitant, are carried 
out on one single sample of diluted serum, rather 
than on two different aliquot portions. Thus, the 


TABLE IV 
Statistical comparison between nephelometric, flotation and electrophoretic data of lipoprotein analyses 


Sf—Range of flotation 


lectro- 
Statistic 0-12 12-20 0-20 20-100 0-100 100-400 0-400 phoresis§ 
A* 45.7 45.7 45.7 45.7 45.7 45.7 45.7 41.3 
B* 0.055 0.016 0.067 — 0.046 0.025 0.113 0 024 0.0826 
Svat 4.0 4. 3.8 4.5 4.4 5.3 4.15 2.36 
tt 1.87 0.17 2.24 0.91 0.94 0.21 0.99 6.31 


* Regression coefficients. 
{ Standard error of estimate. 
t value of statistical significance. 


No agreement exists between the data in each column and the nephelometric 


data if t is between —2.23 and +2.23 for the flotation values (a = 2.5 per cent, dif. = 10), and for t between —2.45 
and +2.45 for the electrophoretic data (a = 2.5 per cent; d.f. = 6). 


§ From data in Table IT. 
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presence of the same amount of an additional tur- 
bidity before and after the addition of precipitant 
does not affect the results, since only the difference 
between these two readings is important for the 
analysis of £-lipoprotein. The turbidity reference 
solution of barium sulfate is, however, subject to 
such extraneous factors, and it is recommended to 
compare at least eight individual reference solu- 
tions to each other, to eliminate those having a 
very high turbidity and to average the readings of 
the remainder of them. When stable reference 
solutions are used, e.g., 1 per cent PVM/MA 
solution, as in routine determinations, their tur- 
bidity has to be compared to the barium sulfate 
standard only once. The use of commercial 
nephelos standards with the Coleman Nephelo- 
meter does not present these inconveniences. 

Since fibrinogen also produces a turbidity with 
sulfated amylopectin, this plasma protein might 
interfere with the 8-lipoprotein determinations in 
some pathological cases where the norraal clotting 
of fibrinogen is impaired. 


Specificity of the method 

While there appears to be no doubt that the 
nephelometric method is specific for 8,-globulins 
(see Figure 1) and that that portion of the latter 
protein fraction which precipitates with sulfated 
amylopectin is a lipoprotein with over 70 per cent 
lipide content, it remains questionable whether the 
nephelometric method covers all of what is gen- 
erally called f,-lipoprotein or only a certain part 
of it. The latter assumption does not appear 
likely, however, since the nephelometric data in 
Table III, when multiplied by the factor 12.1, 
yield f-lipoprotein concentrations which are even 
higher than those found for the corresponding Sf 
0-400 group. 

Though it is generally believed that the B-lipo- 
protein fraction corresponds to the low density 
lipoproteins, as determined by ultracentrifugal 
flotation (24), no agreement between nephelo- 
metric index of B-lipoprotein and any of the four 
Sf groups of lipoproteins was found (see Tables 
III and IV), while the agreement between ne- 
phelometric index and the Sf 0-20 group appears 
to be barely significant. This lack of agreement 
is not surprising, however, since the delimitations 
between these Sf groups have been chosen arbi- 
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trarily. The increase in the t value from Sf 0-20 
and its consequent decrease to Sf 0-12 would make 
it appear as if there existed another group of Sf, 
not routinely computed, which would more closely 
agree with the nephelometric data, e.g., an arbi- 
trary group of Sf 5-20. 

A comparison of nephelometric lipoprotein in- 
dex with total cholesterol values in about 30 sub- 
jects did not indicate a relation between these two 
factors. When the results of these two determina- 
tions were compared to each other in the same 
subject, however, remarkable parallelism was ob- 
served in many individuals. 


SUMMARY 


1. A new method for the determination of 
A-lipoprotein in human serum has been developed. 
It is based on the nephelometric measurement of a 
finely-dispersed precipitate of f-lipoprotein with 
sulfated amylopectin at pH 8.6. 

2. This method is simple, rapid and requires as 
little as 0.1 ml. of serum. The sensitivity of the 
method is less than 100 y of -lipoprotein per 
sample, and the precision is given by a standard 
error of estimate of 1.61, when £-lipoprotein is 
determined in serum. 

3. The specificity of this method for B-lipopro- 
tein has been established by zone and moving 
boundary electrophoretic techniques. 

4. No agreement between £-lipoprotein by 
nephelometry and _ ultracentrifugally-determined 
lipoprotein of any of the commonly computed flo- 
tation rate groups has been found. The nephelo- 
metric method is liable, however, to agree with a 
certain range of lipoproteins not commonly cal- 
culated, e.g., Sf 5-20. 
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Our experience (1), as well as that of others 
(2-4), in the treatment of acute hepatitis with 
steroids, has shown as the most striking effect a 
rapid drop of serum bilirubin. This is accom- 
panied by the clearing of clinical jaundice. 

Solem and Olsen (5) have studied the influ- 
ence of ACTH on the icteric index in cases of 
hepatitis and of post-hepatic jaundice. In the 
former, it dropped very rapidly but in the latter it 
was not significantly influenced. They believed 
that the different response of both types of jaun- 
dice could be used in the differential diagnosis. 

Sborov, Giges, Plough, and Mandel (6) report 
a case of post-hepatic jaundice in which ACTH 
did not induce a lowering of hyperbilirubinemia. 

Johnson and Doenges (7), in two cases of hepa- 
titis with hepatocanalicular jaundice, observed a 
rapid drop of serum bilirubin following the ad- 
ministration of ACTH. In one of these patients 
who had a common duct drainage the drop was 


Bilirubin in serum 
mg. x 100 mi. 


Fic. 1. 


concomitant with the reestablishment of biliary 
flow. Although they do not report results in 
cases of post-hepatic jaundice, they suggest that 
the hormone could be useful in differential diag- 
nosis as it would not influence hyperbilirubinemia 
in this type of icterus. 

According to Patterson, Dingman, Schwachman, 
and Thorn (8), cortisone has a choleretic action 
which could explain the lowering of the serum 
bilirubin values. 

Other investigators (4) include the increase in 
biliary flow among the factors which could ex- 
plain the drop of hyperbilirubinemia in cases of 
hepatitis. 

Our findings in the first case of post-hepatic 
jaundice who received cortisone prompted us to 
study the influence of steroids in cases of complete 
biliary obstruction. This patient showed a clear- 
cut drop of serum bilirubin in two periods in 
which he received cortisone, despite a carcinoma 
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INFLUENCE OF CorTISONE ON SERUM BILIRUBIN IN Post-HEPaTIC JAUNDICE 


WITH COMPLETE OBSTRUCTION DUE To CARCINOMA OF THE HEAD OF THE PANCREAS 


Case 1. 38 year-old male. 


Hospital number 53/15891. 
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Case 2. R.E., 68 year-old female. 
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The values for urine bilirubin in this and the following figures are those ob- 


of the head of the pancreas with complete obstruc- 
tion of the common bile duct, as shown at opera- 
tion (Figure 1). 

These results suggested that the choleretic effect, 
if present, was not an important factor in the re- 
duction of serum bilirubin values. Moreover they 
showed that jaundice, even when due to biliary 
obstruction, was influenced by cortisone. 

Chalmers and associates (9) have recently re- 
ported their findings with a four-day ACTH test 
in the differential diagnosis of jaundice. They ob- 


tained by Jendrassik and Gréf’s method (15). 


served a definite overlapping of effects, thereby 
failing to confirm the usefulness of the test. 
Among their patients with biliary obstruction, two 
showed more than a one-third drop of serum 
bilirubin despite no detectable urinary urobilinogen 
throughout the observation period. It is interest- 
ing to call attention, in relation to what will be re- 
ported later, to the observations of these investi- 
gators in chronic hyperbilirubinemia. They found 
that the drop in bilirubin in the majority of pa- 
tients was presumably not a result of increased 
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Fic. 4. INFLUENCE OF CoRTISONE ON SERUM AND URINE BILIRUBINS 
Case 4. E.C., 63 year-old female. Hospital number 56/8648. 


choleresis, because it was accompanied by a de- 
crease rather than an increase in fecal urobilinogen 
output. 


METHODS OF STUDY 


For the purpose of investigating the effect of steroids 
on hyperbilirubinemia of cases in which choleresis could 
not have a role, we chose cases of post-hepatic 1 jaundice 
with complete biliary obstruction. These patients were 
selected because they had sustained fecal acholia (ab- 
sence of fecal urobilinogen) due to complete biliary ob- 
struction. Three received cortisone and one prednisolone 
by the oral route for periods of 9 to 10 days. The dosage 
is indicated in Figures 2 through 5. 

During the basal observation period, during the ad- 
ministration of the steroid, and following its withdrawal, 
the following laboratory tests were carried out serially: 
prompt direct and total serum bilirubin (10, 11), fecal 
and urinary urobilinogen (12, 13), urinary bilirubin 
with Malloy and Evelyn’s (14) and Jendrassik and 
Gréf’s (15) methods, and the qualitative investigation of 
fecal bilirubin (application of Watson and Hawkinson’s 
method (16) to feces extract). 


RESULTS 


The results obtained are shown graphically in 
Figures 2 through 5. During the whole period of 
study the fecal urobilinogen in the four patients 
was constantly below 1 mg. per 24 hours and the 
qualitative investigation of fecal bilirubin was al- 
ways negative. 

It can be easily observed that cortisone as well 
as prednisolone, given in doses similar to those 


1 Obstructive jaundice of other classifications. 


used by the authors in the treatment of acute be- 
nign hepatitis, produced maximal drops of serum 
bilirubin of 28 to 34 per cent from the initial value. 
This drop, although evident, is less than that ob- 
served by the present investigators in acute hepa- 
titis during the first four days of administration 
of cortisone (55.7 per cent). 

The drop of serum bilirubin in our cases of com- 
plete biliary obstruction was accompanied by per- 
sistence of acholia and, in contrast to what would 
be expected, by a reduction of the urinary excre- 
tion of bilirubin. This reduction, although varia- 
ble, was observed in all four cases during the ad- 
ministration of the drug. It was shown by the 
two methods used which gave almost identical 
values (urine preserved with sodium carbonate 
and collected under petroleum ether was used 
throughout). 

After the withdrawal of the steroid the serum 
bilirubin increased, reaching pre-treatment levels 
in three cases within four days. In the other pa- 
tient (Case No. 3) bilirubin did not reach the 
basal values ; this patient had an important gastro- 
intestinal hemorrhage during this period. 

In addition to the changes in serum bilirubin, 
all patients showed an increase in urinary biliru- 
bin following discontinuation of the steroid. 


DISCUSSION 


The results here reported demonstrate the effect 
of cortisone and prednisolone on the hyperbilirubi- 
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nemia of post-hepatic jaundice with complete ob- 
struction. The lowering of the serum bilirubin 
values, although less marked than that observed 
in acute hepatitis during similar periods, is clearly 


apparent. 4. 


Concomitantly with the lowering of serum -bili- 
rubin, a regular decrease of urine bilirubin was 
observed. 

These findings permit the exclusion of an in- 
crease in biliary flow or in urinary excretion of 
bilirubin as the causes for the lowering of hyper- 


bilirubinemia. This could then be explained by 6. 


a diminution of bilirubinogenesis. The formation 
of bilirubin could diminish by a slowing down 
of red cell destruction or of hemoglobin break- 
down. The metabolism of hemoglobin could also 
deviate to colorless compounds which do not react 
with the diazo reagent. The possibility cannot en- 


tirely be ruled out that the effect of the steroids is 8. 


exerted on the liver, and that a hepatic bilirubi- 

nogenesis which is inhibited by them could exist. 9 
The results reported suggest the possibility that 

the effect of cortisone on bilirubinogenesis may 

play a role in the rapid drop of serum bilirubin 

in acute hepatitis. 


10. 
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Potassium has long been known to be almost 
completely confined to the intracellular compart- 
ment, and the neutral fat present in muscle has 
been shown to have a low chloride content (1). 
It seemed probable, therefore, that the error as- 
sociated with predictions of total exchangeable 
electrolyte from total body weight would diminish 
if the variable of depot fat was eliminated by the 
use of lean body mass as a reference standard. 
A close correlation of lean body mass with red 
cell mass (2) and urinary creatinine (3) has previ- 
ously been shown. Accordingly, measurements 
of total exchangeable chloride and potassium have 
been correlated with lean body mass, red cell mass 
and creatinine excretion in a series of normal 
subjects. 


MATERIALS AND METHODS 


Sixteen normal males and fourteen normal females 
were studied, their ages ranging from 18 to 81 years 
and their body weights from 44.5 to 100.2 Kg. They 
were selected to include both lean and obese subjects, 
the range of body fat being 5 to 50.8 per cent of total 
body weight. 

Total exchangeable potassium (Ke) measurements 
were carried out according to the method of Corsa, Olney, 
Steenburg, Ball, and Moore (4), four spot urine speci- 
mens being collected between twenty-two and twenty-six 
hours after injection. The urinary potassium concen- 
tration was estimated by flame photometry. Since the 
short half-life of Cl™ precluded its use, Br was used to 
measure the chloride space, one plasma sample being 
obtained after a period of equilibration of twenty-two to 
twenty-four hours (5). Plasma chloride was measured 
by the method of Van Slyke (6), and no correction was 
made for the Donnan equilibrium. The total exchange- 
able chloride (Cle) was derived from the equation: 


Total exchangeable chloride (Cl.) (mEq.) 
= chloride space (liters) 
X serum chloride (mEq. per liter) 


1 Present address: St. Vincent’s Hospital, Dublin, Eire. 
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The volume of distribution of CI* in man, two and one- 
half hours after injection, closely approximates that of 
Br” (7) which has been used in this study. Moreover, 
it has been shown in rats that the bromide dilution method 
provides an estimate of total body chloride which agrees 
closely with that obtained by direct carcass analysis (8). 
It is concluded, therefore, that the use of Br provides a 
valid estimate of Cl. which is in turn a true measure of 
total body chloride. One hundred fifty uc. of K® (potas- 
sium chloride), irradiated as potassium carbonate, and 
25 uc. of Br® (sodium bromide), irradiated as ammonium 
bromide, were used irrespective of body weight. The 
radiation dose for a person weighing 70 Kg. is 0.11 rad? 
due to K®, and 0.06 rad due to Br®. 

Values for lean body mass were derived from the Pace- | 
Rathbun formula (9): Lean body mass= Total body 
water X 100/73. Total body water was derived from the 
antipyrine space, which was obtained from the antipyrine 
concentration in plasma using the method of Brodie, 
Axelrod, Soberman, and Levy (10). The plasma con- 
centration of antipyrine was corrected for plasma pro- 
teins which were assumed to average 7 per cent of plasma 
volume. Values of lean body mass in Subjects 12, 14, 15, 
16, 27 and 30 were derived from measurements of red 
cell mass, employing the correlation previously established 
(2). 

To derive red cell mass, plasma volume measurements 
were performed by means of the Evans blue (cellulose 
extraction) method (11), as modified by Muldowney (2). 
Hematocrit figures were obtained with Wintrobe tubes 
spun at 3,000 r.p.m. for 55 minutes. A correction for 
trapped plasma was made according to the figures of 
Chaplin and Mollison (12). The true venous hematocrit 
was then corrected by the factor 0.91 to calculate total 
body hematocrit (13). Red cell mass was calculated 
from the plasma volume as follows: 


Red cell mass = plasma volume 
X (total body hematocrit) / (100 — total body hematocrit). 


Measurements of 24-hour urinary creatinine excretion 
were performed according to the method of Folin (14) as 
described by Hawk, Oser and Summerson (15). 


2 One rad is equal to an absorbed dose of 100 ergs per 
gram of tissue. 
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TABLE I 
The data (males) 


wr 


nom 


* Derived from red cell mass. 


RESULTS 


The complete data are given in Tables I and II 
and the statistical analysis is summarized in 
Table III. 

The correlation of K, with total body weight 
(Figure 1) was poor (r = 0.45) and the 95 per 
cent confidence limits were very wide (+ 53 per 
cent of mean). When correlating K, with lean 
body mass (Figure 2), red cell mass (Figure 3) 
and 24-hour urinary creatinine (Figure 4), it was 
found that the correlation coefficients were equally 
good (r = 0.90 to 0.91), and that in each case the 


95 per cent confidence limits agreed fairly closely 
(+ 25 per cent to 28 per cent of mean). 

The correlation of Cl, with total body weight 
(Figure 5) was better than that of K,, the correla- 
tion coefficient (r = 0.58) being higher, and the 95 
per cent confidence limits being narrower (+ 29 
per cent of mean). In the correlation of Cl, with 
lean body mass (Figure 6) and red cell mass (Fig- 
ure 7), the correlation coefficients (r = 0.93) were 
again equally good, and the 95 per cent confidence 
limits (+ 14 per cent to 15 per cent of mean) 
agreed closely. The correlation of 24-hour urinary 


TABLE II 
The data (females) 


Fat % 
body 
weight 


wn 
w 


* Derived from red cell mass. 
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cm, Kg. liters Kg. ml, mEq. mEq. mg./day 
22 168.0 61.3 35.6 48.8 1,818 2,960 1,710 1,485 
27 183.0 72.7 45.5 58.5 2,090 3,680 2,004 1,852 
22 177.0 68.2 45.1 56.15 2,060 3,060 2,020 2,110 
36 175.5 97.4 45.0 61.6 2,110 3,560 2,270 2,060 
22 177.0 65.4 35.45 48.6 1,740 3,030 1,850 1,970 
28 184.0 71.8 44.6 61.1 2,223 3,530 2,162 
22 192.0 82.0 50.4 71.7 2,590 4,240 3,015 2,330 
22 169.0 65.0 37.95 52.0 1,748 2,910 1,930 1,480 
23 178.0 65.5 42.5 58.2 2,185 1,562 
10 25 183.0 87.2 53.0 72.6 2,480 2,450 1,660 
11 27 175.0 57.3 36.4 49.8 1,795 3,160 1,950 , 
12 33 178.0 77.2 59.5* 2,100 3,390 1,870 
. 13 43 164.5 61.0 41.9 57.45 2,035 1,975 
14 29 168.0 55.8 53.0* 1,890 2,700 1,805 1,213 
15 33 165.0 63.6 51.1* 1,830 2,650 1,776 1,580 
16 59 183.0 82.7 §5.1° 1,960 2,720 1,928 1,380 
Anti- Lean Red Exchange- Exchange- 
pyrine body , cell able able Urinary 
Subject Age Height Weight space mass mass K cl creatinine 
; om, liters Kg. ml. mEq. mEq. mg./day 
17 45 140.0 30.0 41.1 1,840 1,580 646 
18 55 156.5 35.4 48.5 1,827 
: 19 43 153.0 33.0 45.2 2,670 1,730 
20 31 168.0 31.7 43.5 2,340 1,525 
21 57 158.0 38.0 52.0 2,400 1,980 890 
22 38 155.0 33.5 45.9 2,100 1,168 
23 81 152.0 24.3 33.3 1,190 1,248 527 
24 55 156.0 33.1 45.3 1,680 1,230 
25 18 173.0 1 45.0 61.5 2,910 2,440 1,310 
26 50 157.5 33.0 45.2 1,728 
27 51 151.0 36.65* 1,800 1,262 : 
28 52 152.0 34.3 47.0 2,040 1,720 1,024 
29 37 170.0 33.42 45.8 1,830 
30 66 162.5 42.1* 1,610 1,369 810 
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TABLE Ill 


95 per cent 95 per cent 
confidence confidence 
Ke or Cle Reference standard r limits limits Equation of regression line 
mEq.* % of mean 
kK. Total Ae 0.45 +1,440 +53 K. = 21.71(TBW) + 1,181.5 
(T 
K. Lean body mass 0.90 + 680 +25 K, = 73.98(LBM) — 1,063.3 
(LBM) 
K. Red cM) 0.91 + 670 +25 K,. = 2.21(RCM) — 1,341.1 
(RCM 
K. Unione. creatinine 0.90 + 740 +28 K. = 1.36(C) + 745.6 
( 
ca Tota pew 0.58 + 550 +29 Cl, = 14.35(TBW) + 902.5 
cc Lean body mass 0.93 + 270 +14 Cl, = 37.19(LBM) — 23.2 
(LBM) 
Cl, Red cell mass 0.93 + 290 +15 Cl, = 1.13(RCM) — 204.5 
(RCM) 
ane“ creatinine 0.72 + 630 +33 Cl. = 0.58(C) + 118.6 
( 


creatinine (Figure 8) showed a lower degree of 
correlation (r = 0.72) and wide 95 per cent con- 
fidence limits (+ 33 per cent of mean) were 
obtained. 

The standard error of each individual measure- 
ment of K, and Cl, was ascertained and was found 
to be + 5 per cent for K, and + 3 per cent for Cl. 
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* Taken about the mean value of the reference standard. 


These represent errors in the physical and chemi- 
cal methods involved, the largest contribution be- 
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SIUM WITH LEAN Bopy Mass 
The continuous lines are the regression line of Ke on 
lean body mass and its 95 per cent confidence limits. 
The interrupted line is the regression line derived from 
the data of Ikkos and associates (17). 
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The regression line of K. on red cell mass and its 95 
per cent confidence limits are shown. 


ing the statistical error in counting. Repeated 
estimations of lean body mass and red cell mass in 
the same subject agreed to within 4 per cent. 


DISCUSSION 


The results show that the use of total body 
weight as a standard of reference for total ex- 
changeable potassium and chloride is unsatisfac- 
tory, the 95 per cent confidence limits being + 53 
per cent and + 29 per cent of the mean, respec- 
tively. Our figures agree with those of other 
workers when both males (4) and females (16) 
are included. When, on the other hand, total ex- 
changeable potassium and chloride are correlated 
with lean body mass, the relationship is closer, the 
95 per cent confidence limits being + 25 per cent 
and +14 per cent of the mean, respectively. 
Furthermore, the relationship is the same for both 
males and females, the apparent sex difference, 
based on total body weight, being due to the 
greater fat content of the female subjects. 
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The regression line of Ke on urinary creatinine and its 
95 per cent confidence limits are shown. 


These results are supported by experiments car- 
ried out by other workers both in human subjects 
and in animals. Thus, Ikkos, Ljunggren, and 
Luft (17) in Sweden, as part of an investigation 
into the relation between extracellular and intra- 
cellular water in acromegaly, measured total body 
water and K, in a control group of 33 normal 
subjects. From their data it is possible to derive 
antipyrine space measurements and, after correct- 
ing for the water content of plasma, to estimate 
lean body mass by means of the Pace-Rathbun 
formula (9). When this is done, a regression 
line of K, on lean body mass is obtained which has 
been included in Figure 2, the coefficient of the 
correlation being 0.92. This regression line lies 
within the 95 per cent confidence limits of the 
present series, although a slight systematic dif- 
ference is apparent. Data for K,, Cl, and total 
body water given by Corsa and colleagues (4) 
and Ikkos, Ljunggren, Luft, and Sjogren in a 
later paper (18) are consistent with the present 
results when lean body mass is derived from their 
values for total body water. 
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Carcass analysis in rats provides direct evidence 
of a close correlation of total body potassium and 
total body chloride with lean body mass (8). 
Weir (19) had previously demonstrated that 
total exchangeable chloride was directly related 
to the lean carcass in dogs, while Hastings and 
Eichelberger (1) commented on the necessity 
for analyzing fat-free muscle to allow compari- 
son of the electrolyte content of muscle samples 
from different animals, or even from different 
muscles of the same animal. This evidence 
suggested, therefore, that chloride is confined to 
lean tissue, and is not present in depot fat. Forbes 
and Lewis (20), however, have analyzed two hu- 
man cadavers and found an appreciable chloride 
content in adipose tissue. This appears to con- 
flict with the results of the present series, and with 
the data from animals quoted above. The dis- 
crepancy is one of definition, however. It must 
be clearly stated that depot fat, as referred to here 
and in the preceding communication (2), refers 
only to the lipid content of adipose tissue. Keys 
and Brozek (21) estimate that lipids form 62 per 
cent, water 31 per cent and cell solids 7 per cent 
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of adipose tissue. It is important to note that these 
relative proportions of water and cell solids are 
similar to those obtained in muscle, and that the 
non-lipid portion of adipose tissue is therefore in- 
cluded in the estimate of lean body mass derived 
from total body water. One would expect that 
adipose tissue as a whole should contain a per- 
centage of chloride and potassium in proportion to 
its non-lipid content. 

In view of the high degree of correlation which 
has been shown to exist between lean body mass 
and red cell mass (2) it is not surprising to find 
a similar close relationship between red cell mass 
and both K, and Cl. Provided hematological ab- 
normality can be excluded, it is possible that this 
relationship may have an application in states of 
acute electrolyte disturbance which are so often 
associated with changes in total body water which 
invalidate the determination of lean body mass 
by the antipyrine dilution method. Further work, 
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The regression line of Ke on lean body mass and its 
95 per cent confidence limits are shown. 
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The regression line of Ke on red cell mass and its 95 
per cent confidence limits are shown. 


however, is required to evaluate the place of this 
relationship in such states. 

The high correlation between K, and creatinine 
excretion found by Corsa and associates (4) in 
five male subjects has been confirmed in this 
larger series containing both males and females. 
The closeness of this correlation was unexpected 
since only single 24-hour specimens of urine, pri- 
marily collected for electrolyte measurements, 
were used for creatinine estimations and dietary 
protein intake was not controlled. This technique 
may result in the occasional large errors mentioned 
by Miller and Blyth (3) and could account for the 
lean body mass-creatinine correlation (r = 0.73, 
95 per cent confidence limits + 28 per cent of mean) 
of this series as compared with that of Miller and 
Blyth (r = 0.826, 90 per cent confidence limits 
+ 13.1 per cent of mean). This, however, could 
not wholly explain why Cl, did not correlate any 
better with creatinine than with total body weight. 
The value of creatinine excretion as a standard of 
reference for K, lies in its relative ease of estima- 
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tion, particularly where facilities for measuring 
lean body mass or red cell mass are not available. 
It suffers from the disadvantage that our knowl- 
edge of disturbances of creatinine metabolism in 
pathological states is incomplete. 

The assessment of electrolyte disturbance by 
means of serum electrolyte concentration has been 
shown to be fallacious insofar as serum concentra- 
tion does not necessarily reflect changes in total 
body content (22). It is highly desirable that 
measurements of total exchangeable electrolyte 
should be employed in such studies. The appli- 
cation of these measurements has, however, been 
limited by the lack of a suitable reference standard. 
It is hoped that the provision of these narrower 
ranges of normal values for total exchangeable 
potassium and chloride may be of value in the 
study of electrolyte disturbances. 


SUMMARY 


1. The correlation of total exchangeable potas- 
sium (K,) and chloride (Cl) with total body 
weight in normal subjects is poor. 
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2. A close correlation of K, and Cl, with lean 
body mass and red cell mass in normal subjects is 
established. 

3. There is a close relationship between 24-hour 
urinary creatinine and K,, but not between 24-hour 
urinary creatinine and Cl,. 

4. The correlations hold throughout a wide 
range of age and body weight and are the same for 
both males and females. 
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